Sens 


= 


iy 


jit, atte 
pe tigaaty woh 
Prasead 1) Meer, 


Seeciet | Goose | moe 


APPLICATIONS 


QOL E ELE 


SEMICON ODUCT OS 


New High Speed Linear Products 
VIDEO OP AMPS AND BUFFERS 


AnswerFAX DOCUMENT # 3395 

-30B Bandwidth (Ay =+2)................0. 350MHz 
Pee NOW FIGIO. og i cs kn cca gnes See 1000V/us 
Gain Flatness to 50MHZ...................005 +0.04dB 
rast Settling Time (0.1%)... . o.oo eS 15ns 
Differential Gain/Phase ........... 0.02%/0.02 Degrees 
Low Supply Current............... re SS bse. 6mA 
8 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3922 
Wide -3dB Bandwidth ..................005 315MHz 
PNP OW AIG. ee ee tha ee 700V/us 
Differential Gain/Phase............ 0.02%/0.05 Degrees 
Ceisuppry Current ...........-- eee Us. 6mA 
Compensation Pin for Bandwidth Limiting 
8 Lead PDIP and SOIC 


Wide -3dB Bandwidth ..................... 850MHz 
SONU al, ca ci csvset cee sks 2400V/s 
Differential Gain/Phase............ 0.02%/0.04 Degrees 


User Programmable Gain of +2, +1 
User Programmable Output Limiting 
8 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3606 


Wide -3dB Bandwidth ...............c0e0ees 225MHz 
POPU SIOW FRAG 5a ein ce IBEW 1100V/us 
Differential Gain/Phase ........... 0.02%/0.03 Degrees 
User Programmable Gain (+2, +1) 

User Programmable Output Limiting 

Low Supply Current.......... ie fia Sissiae 7mA 


8 Lead PDIP and SOIC 


Wide -3dB Bandwidth ................0.005. 360MHz 
HIGNSIOW Rate. cece OM eS 1200V/us 
Fast Settling Time (0.1%) ........... cece eee 15ns 
Differential Gain/Phase ........... 0.02%/0.04 Degrees 
Low Supply Currént, 2335. eo) ) BATS al 7mA 
User Programmable Output Limiting 

Fast Overdrive Recovery................ceeeeee <ins 
8 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3395 


-3dB Bandwidth (Ay =+2)...............008. 350MHz 
PE NUD soc kv hc oc 4 abe hea eee 1000V/s 
Differential Gain/Phase ........... 0.02%/0.02 Degrees 
Gain Flatness to 50MHz..................000- +0.04dB 
LOW Supply Curent.’ saa ca xis Gate aw ae 6mA 


Output Enable/Disable (Toy/Tor¢ = 180ns/35ns) 
8 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3151 
Wide -3dB Bandwidth ...................4. 850MHz 
I ora gays vctus es ces os dma 2400V/s 
Differential Gain/Phase............ 0.02%/0.04 Degrees 


User Programmable Gain (+2, +1) 


Summing Node Pinout Enables Tailoring of System 
Response For Cable Length 


8 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3605 
-3dB Bandwidth (Ay =+2)............ccceeeee 400MHz 
eet ME PUNND oo iva ounce sukoueee 1275V/us 
Differential Gain/Phase ........... 0.03%/0.03 Degrees 
Low Supply Current. 6... o ce nce oe 6mA/Op Amp 
Gain Flatness to 50MHz...................... +0.03dB 
8 Lead PDIP and SOIC 


New High Speed Linear Products (continueg) 


AnswerFAX DOCUMENT # 3607 
-3dB Bandwidth (Ay = +2) ............ eee eee 340MHz 
PW FAING oo coo bo reer vce dMean 1100V/us 
Differential Gain/Phase............ 0.02%/0.03 Degrees 
User Programmable Gain (+2, +1) 
Low Supply Current..............0005. 6mA/Op Amp 
8 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3682 

-3dB Bandwidth (Ay = +2) ............ eee 530MHz 
Pi SlOW Fate... os cc ee eniae 1050V/us 
Differential Gain/Phase............ 0.02%/0.03 Degrees 
Gain Flatness to 50MHZ.................0008. +0.11dB 
Low Supply Current...............0055 6mA/Op Amp 
Output Enable/Disable (Ton/Torr = 160ns/20ns) 

14 Lead PDIP and SOIC 


VIDEO OP AMPS AND BUFFERS (Continued) 


AnswerFAX DOCUMENT # 3654 
Wide -3dB Bandwidth . 2... 6 nec i ee 125MHz 
High Glow: Fate .. cc0 ce tecv cs evessenns Men 475V/us 
Differential Gain/Phase ........... 0.03%/0.03 Degrees 
High ESD Protection... 0. 6 06 eI ee es 4000V 
Low Supply Current..............065. 7.5mA/Op Amp 
14 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3392 
Wide -3dB Bandwidth ..............000 ee eee 125MHz 
Mion: Slow Pata. 2.2... oa. a chew einel ae 475yV/us 
Differential Gain/Phase ........... 0.03%/0.03 Degrees 
High: GSD Protection. .......... sehecine aes 4000V 
Low Supply Current.................- 7.5mA/Op Amp 
Individual Output Disable/Enable 
16 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3604 
-3dB Bandwidth (Ay = +2) ............-2 eee 550MHz 
ign SlOW Fate... :2o5scces HAs > 85. cd ered 1100V/uis 
Differential Gain/Phase............ 0.02%/0.03 Degrees 
Gain Flatness to SOMHZ. ..............eeeoes +0.03dB 
Low Supply Current................05- 6mA/Op Amp 
14 Lead SOIC 


AnswerFAX DOCUMENT # 3393 
Wide -3dB Bandwidth ............... 2. eee, 125MHz 
High: Slew Mater. ¢ 45 igic0hs He Ha es aiw He os 475V/us 
Differential Gain/Phase ........... 0.03%/0.03 Degrees 
High. ESD Protection... ... 0... 62 seen eh cae 4000V 
Low Supply Current.................- 7.5mA/Op Amp 
8 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3607 
-3dB Bandwidth (Ay = +2) ...........02c eee 340MHz 
HIGH SIGW FRB 5 ernis 54 on cs Kx aries Be 1100V/is 
Differential Gain/Phase............ 0.02%/0.03 Degrees 
User Programmable Gain (+2, +1) 
Low Supply Current..................: 6mA/Op Amp 
14 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3550 
Wide -3dB Bandwidth ..................508. 125MHz 
High Slow Rate: « .c< sSsis rare Sa Si ndsesies =e 475V/us 
Differential Gain/Phase ........... 0.03%/0.03 Degrees 
High: ESD Protection. 0... co ess ev gncu anes 4000V 
Low Supply Current.................. 7.5mA/Op Amp 


Individual Output Disable/Enable 
20 Lead PDIP and SOIC 


New High Speed Linear Products (continues) 
VIDEO OP AMPS AND BUFFERS (continued) 


AnswerFAX DOCUMENT # 3591 
© Wide -S0B Bandwidth... 6 ks eee s coc cones 125MHz 
TARY PN iy 5 2 0 oo on ho oe oe es 475V/us 
¢ Differential Gain/Phase............ 0.03%/0.03 Degrees 
© Ry emer PEOMMOUON Seri 5 ob ao css ka vd vod 4000V 
© LOW Gaon CUNO 8S ois 5 hes hohe so 7.5mA/Op Amp 
¢ 14 Lead PDIP and SOIC 
MUNICATIONS 


AnswerFAX DOCUMENT # 3663 
¢ NPN Transistor Array Configured as a Gilbert Cell 
¢ High Gain Bandwidth Product ................ 10GHz 
¢ High Power Gain BW Product ................. 5GHz 
RITE EOE eo oss oie ok tvs Co eae cedeecs 70 
¢ Low Collector Leakage Current.............. <0.01nA 
¢ Pin Compatible to UPA101 
¢ 8 Lead SOIC 


¢ High Gain Bandwidth Product ................ 10GHz 
¢ High Power Gain BW Product................. 5GHz 
Peewee GTO GOGH) (Nec). cc ccc cc ences 70 
¢ Pin Compatible to UPA102G 


14 Lead SOIC 


AnswerFAX DOCUMENT # 3655 
¢ Low Noise Figure 
PU oe ei kek ohh cack hee 2.3dB at 90OMHz 
SENN acts ain paket oY Re 12.1dB at 90OMHz 
i AE MANES ooo 6's «se wha owe 3.97dB at 9S0OMHz 
¢ High Power Gain 
Sn , SEHR, aE cm eae Es” 12.8dB at 900MHz 
SSM bose Sates Kee Te 7.0dB at 900MHz 
PSE re RRO Soa ee a pee 19.8dB at 900MHz 
¢ High Intercept 
Rais 65. a een ie ak Eee +12.8dBm at Output 
NNN Sis 5 06s 9 8k ee oe +3.2dBm at Output 
ee Pe -16.7dBm at Input 
¢ 14 Lead SOIC 
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HARRIS SEMICONDUCTOR 


This Linear and Telecom Databook represents the full line of Harris Semi- 
conductor Linear and Telecom products for Commercial and Industrial 
applications and supersedes all previously published Harris Linear and 
Telecom databooks. Military (MIL-STD-883, DESC SMD, and JAN) 
Products are listed in the Harris Analog Military Products Databook. For a 
complete listing of all Harris Semiconductor products, please refer to the 
Product Selection Guide (PSG-201R; ordering information below). 


For complete, current and detailed technical specifications on any Harris 
devices please contact the nearest Harris sales, representative or distrib- 
utor office. Literature requests may also be directed to: 


Harris Semiconductor Literature Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 


See Section 12 for Data Sheets Available on AnswerFAX 


U.S. HEADQUARTERS EUROPEAN HEADQUARTERS 
Harris Semiconductor Harris Semiconductor 
P. O. Box 883, Mail Stop 53-210 Mercure Centre 
Melbourne, FL 32902 100, Rue de la Fusee 
TEL: 1-800-442-7747 1130 Brussels, Belgium 
(407) 729-4984 TEL: 32 2 724 21 11 
FAX: (407) 729-5321 NORTH ASIA 
SOUTH ASIA Harris K.K. 
Harris Semiconductor H.K. Ltd Shinjuku NS Bldg. Box 6153 
13/F Fourseas Building 2-4-1 Nishi-Shinjuku 
208-212 Nathan Road Shinjuku-ku, Tokyo 163 Japan 
Tsimshatsui, Kowloon TEL: 81-3-3345-8911 


Hong Kong 
TEL: 852-723-6339 


See our 
specs in 


CAPS 


Copyright © Harris Corporation 1993 
(All Rights Reserved) 
Printed in USA, 1/1993 


$5.00 


LINEAR AND TELECOM PRODUCTS 


Harris Semiconductor is a pioneer in developing and producing advanced Linear and 
Telecom products for the most demanding Commercial, Industrial and Automotive 
applications in this world -- and beyond. 


This databook fully describes Harris Semiconductor’s line of Linear and Telecom 
IC’s. It includes a complete set of datasheets for product specifications, application 
notes with design details for specific applications of Harris products, and a descrip- 
tion of the Harris Quality and Reliability program. A New AnswerFAX section has 
been added to allow Users to request the latest datasheets and have them delivered 
immediately to your FAX machine. A detailed listing of SPICE Models and product 
Packaging provides a wide variety of information at your fingertips. 


Harris offers an extensive line of Linear components including; High Speed and 
General Purpose Op Amps, Comparators, Sample and Hold Amplifiers, Transistor 
Arrays and Special Analog Circuits found in Sections 2 through 7. 


Harris Telecommunications components include SLIC - Subscriber Line Interface 
Circuits, Crosspoint Switches, CVSD’s, DTMF Receivers and Tone Generators, PCM 
CODEC’s and Transcoders and is found in Section 8. 


It is our intention to provide you with the most up-to-date information on Linear and 
Telecom Products. For complete, current and detailed technical specifications on any 
Harris devices please contact the nearest Harris sales, representative or distributor 
office, listed at the end of the databook; or direct literature requests to: 


Harris Semiconductor Literature Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 


See Section 12 for Data Sheets Available on AnswerFAX 


UMMM OSL APL SO LTS s Gin 07s Sh er OTe Ns Rs eat) rele MRIS PASS. eee y's” nee 
Harris Semiconductor products are sold by description only. All specifications in this product 
guide are applicable only to packaged products; specifications for die are available upon 
request. Harris reserves the right to make changes in circuit design, specifications and other 
information at any time without prior notice. Accordingly, the reader is cautioned to verify that 
information in this publication is current before placing orders. Reference to products of other 
manufacturers are solely for convenience of comparison and do not imply total equivalency of 
design, performance, or otherwise. 
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LINEAR INTEGRATED CIRCUITS 


FOR COMMERCIAL AND INDUSTRIAL APPLICATIONS 


General Information 
* Operational Amplifiers ee 
* Comparators 2 


* Sample and Hold Amplifiers a 


* Differential Amplifiers os 


* Transistor and Diode Arrays a 


Special Analog Circuits To 
Telecommunications e 


Harris Quality and Reliability ao 

Spice Model Listing/Application Note Abstracts HO oon 
Packaging Information aa 

Datasheets By FAX, Harris AnswerFAX ae 
ae 


Sales Offices 
* Product Selection Guide located at the beginning of section. 
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TECHNICAL ASSISTANCE 


For technical assistance on the Harris products listed in this databook, 
please contact the Field Applications Engineering staff available at one of the follow- 
ing Harris Sales Offices: 


UNITED STATES 

CALIFORNIA Calabasas chic errs icRENe ea 818-878-7950 

CO NOSE sot et as py ee ee ae 714-433-0600 

SA OGG EVs cb Fu, cages peta we baa 408-985-7322 
FLORIDA PRIA OY oS eS Par ee ak AEA 407-729-4984 
GEORGIA DING on ca a pee cee «meee 404-476-2035 
ILLINOIS MUNN co vig are re ee eae 708-240-3480 
INDIANA CIOS 55 So ae os vi ee 317-843-5180 
MASSACHUSETTS SE NION ini 55s stew es ae cay aes 617-221-1850 
NEW JERSEY MOQIIGU 5 ein eS vt do ls pie eck EAE 609-751-3425 
NEW YORK Sh Le, Se a oP a erates ag Ca 516-342-0291 

VRanOinOOre Fae 5 ii ccs es ee 914-298-1920 
TEXAS RM Soo Va are. caine, Seles ae 214-733-0800 

INTERNATIONAL 

FRANCE NG oS oi Des oe ee ee 33-1-346-54046 
GERMANY WE 33. 555553 edev hk cere een 49-89-63813-0 
HONG KONG 8 | NEES EP EB RD OER Rey gee ey 852-723-6339 
ITALY WO ec hed Oe 39-2-262-0761 
JAPAN ASD Si kos ee OAL ha ea 81-3-3265-7571 
KOREA GU Rea tens er anauentirghie: x ion t 13 82-2-551-0931 
SINGAPORE Siigaoore... fi ABest beg had soe. es 65-291-0203 
TAIWAN PMID iopichdince CA ae x sy ee eae 886-2-716-9310 
UNITED KINGDOM CRI oe ih ca kee wees kee 44-2-766-86886 


For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call 
Harris AnswerFAX for immediate fax service at 407-724-7800 
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LINEAI 


GENERAL INFORMATION 


ALPHA NUMERIC PRODUCT INDEX 


PAGE 

CA124 Quad Operational Amplifiers for Commercial, Industrial, and Military Applications......... 2-19 >» 
CA139 Quad Voltage Comparators for Industrial, Commercial and Military Applications .......... 3-3 < : 
CA158 Dual Operational Amplifiers for Commercial Industrial, and Military Applications .......... 2-26 = = 
CA224 Quad Operational Amplifiers for Commercial, Industrial, and Military Applications......... 2-19 G i 
CA324 Quad Operational Amplifiers for Commercial, Industrial, and Military Applications......... 2-19 s 
CA239 Quad Voltage Comparators for Industrial, Commercial and Military Applications .......... 3-3 
CA339 Quad Voltage Comparators for Industrial, Commercial and Military Applications .......... 3-3 
CA258 Dual Operational Amplifiers for Commercial Industrial, and Military Applications .......... 2-26 
CA358 Dual Operational Amplifiers for Commercial Industrial, and Military Applications .......... 2-26 
CA555 Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and 

RN ons i e's Eo nc 4 ea EAA ER Lac EPR eg ORO WN EET ae ele 7-3 
CA741 High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 

PEMITIONB ison a enon ko 00 as MRA URISOR Te en wle Amu ien Wyeetel rime os soe 2-37 
CA1391 LV Horizontal Procesaqisid 2CVOGon! Late iw sedilnma. lenoiiniag) ROME so. 7-9 
CA1394 TV Horizontal Processqns®: 33'ocE\tian! LSVeON ois satiigmAdenousiiaG) ROME oo... 7-9 
CA1458 High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 

I is 55 ooo kn oe EN SEAN FRAO EURO RENTED BA Ve REESE OE 2-37 
CA1558 High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 

POINRNNG: Ss oe oT ea ore ee a ee oe hSDN ig oe gi 2-37 
CA2904 Dual Operational Amplifiers for Commercial Industrial, and Military Applications .......... 2-26 
CA3018 ener ritmoee Transistor Arrays: occ cites cs cities Pee 6-5 
CA3020 Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at 

ee No sb 55s os ek ee ae SUA aw SY LB wee 2-43 
CA3028 Differentia/Cascode Amplifiers for Commercial and Industrial Equipment from DC to 

Ws rc Che Fh oo TEE ES Fad ek OE OLE EES BER ee ENS 5-3 
CA3039 NNN RPE coh De ork a ia yu e i. 9 5. va ein 3 wLE WN ALPS Fo2'N Sika ER Sab OAT ALR Da ata ee wR 6-11 
CA3045 General Purpose Pears ARIST IOE PRET cath ce hc in am: ote ai? bod ed CORRS Clea 6-15 


NOTE: Bold Type Designates a New Product from Harris. 
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CA3046 
CA3049 


CA3053 


CA3054 


CA3060 
CA3078 
CA3080 
CA3081 
CA3082 
CA3083 
CA3086 
CA3089 
CA3094 
CA3096 
CA3098 
CA3100 
CA3102 


CA3126 
CA3127 
CA3130 
CA3140 
CA3141 
CA3146 
CA3160 
CA3183 
CA3189 
CA3193 
CA3194 
CA3217 
CA3227 


CA3256 


ALPHA NUMERIC PRODUCT INDEX (continued) 


General Purpose N-P-N Transistor ArrayS. 2.0.6... cece cc eee eee eee eee eens 


Dual High Frequency Differential Amplifiers For Low Power Applications Up to 


SRS SS Pe oe 2 ee ee ASS s Ae A es eae e Ee ee eee Mise Oe ah ses eee 


Differentia/Cascode Amplifiers for Commercial and Industrial Equipment from DC to 


TOOMAE 2 Pe ET Oe PR SO Boo oO EE FOS ean igisige he 6 oh eR Ores 


Transistor Array - Dual Independent Differential Amp for Low Power Applications from DC 


Ne TNE oe i as CR Na SRS CERES a 50 8 SEES PNET ECRES CES 5 Ae EE 
Operational Transconductance Amplifier ArrayS ......... 6s cece ee eee eee eee eens 
Micropower Operational Amplifier ...... 0... ccc cece cece eee eer e eee teen enes 
Operational Transconductance Amplifier (OTA)... 0,-6.6. cece ee eee eee eee e eee eeee 
General Purpose High Current N-P-N Transistor ArrayS.... 6.6... 6c ee eee eee teens 
General Purpose High Current N-P-N Transistor ArrayS... 6.1... eee eee eee eee eee 
General Purpose High Current N-P-N Transistor Array... 0.2.6... eee ee eee ee eee ees 
General Purpose N-P-N Transistor Array... 0.0... cee cee eee eee eee teen eees 
FNS i os ay spe ss bed 0a en Kay a ee be ER AER es 
Programmable Power Switch/Amplifier for Control and General Purpose Applications. ..... 
N-P-N/P-N-P Transistor Array... 02sec ccc ccc cnc c csc e eee n seen tee aseeearnecoeee 
Programmable Schmitt Trigger - with Memory Dual Input Precision Level Detectors....... 


Wideband Operational Amplifier ... 0.0.0... 02s ccc cece ce ee eee e eect tener en eeenes 


Dual High Frequency Differential Amplifiers For Low Power Applications Up to 


SOGINEIE sas cok CURR Es Baa eC es 8 ee S aes Seb eo 1 OS REESE OR SR EERE O85 ss 
TA es. daeca s bp eid aw BEES tL Re a eC Race eres 
High Frequency N-P-N Transistor Array ...... 2... eee eee cere ee teen nents 
BiMOS Operational Amplifier with MOSFET Input/CMOS Output..............-.-.--5- 
BiMOS Operational Amplifier with MOSFET Input/Bipolar Output..............-6..2 206 
High-Voltage Diode Array For Commercial, Industrial & Military Applications............. 
High-Voltage Transistor ArrayS ....... cece cece e cee erent tence ene ee tenance 
BiMOS Operational Amplifiers with MOSFET Input/CMOS Output. .........-.--5-e eee 
High-Voltage Transistor ArrayS ... 00... ccc eee eee terete een tenet eee 
PMAF SYSIOM.. woke eee en ch eee soe s mnpbeple viteewerey cece nGisimtceuaiis « cae 
BiCMOS Precision Operational Amplifiers... 2.0.0.0... 0. ccc cece cece t eee tent e ene 
Single Chip PAL Luminance/Chroma Processor ..... 62... eee cece cece ee eee eee eee 


Single Chip TV Chroma/Luminance Processor... ...... 6... cece cece e eee eee e ee eeee 


High-Frequency N-P-N Transistor Arrays For Low-Power Applications at 


Frecuencia 180 10: 1 SSH eee sos oc ak ee Cae tone es noe ew tee ERS WSS 
BiMOS Analog Video Switch and Amplifier... 2.0.6... cece eee eee ee eens 


NOTE: Bold Type Designates a New Product from Harris. 


ALPHA NUMERIC PRODUCT INDEX (continued) 


PAGE 

CA3240 Dual BiMOS Operational Amplifier with MOSFET Input/Bipolar Output.................. 2-171 
CA3246 High-Frequency N-P-N Transistor Arrays For Low-Power Applications at Frequencies 6-65 . 

Ot eons wicks ces ey et ek Pw Va ce RO ee eee ree: ny 
CA3260 BiMOS Operational Amplifier with MOSFET Input/CMOS Output...................... 2-187 
CA3280 CHO) Warr | DOMRUONAT AMONOE «oss 2 oes lo os ook ol os ike 2-191 
CA3290 BiMOS Dual Voltage Comparator with MOSFET Input, Bipolar Output.................. 3-17 
CA3420 Low Supply Voltage, Low Input Current BIMOS Operational Amplifiers ................. 2-202 
CA3440 Nanopower BiMOS Operational Amplifier ........... 0.0... ccc ccc cece cece eeeceuce 2-207 
CA3450 Video Line Driver, High Speed Operational Amplifier................0. ccc cece eee ucee 2-213 
CA5130 BiMOS Microprocessor Operational Amplifier with MOSFET Input/CMOS Output......... 2-221 
CA5160 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ........ 2-238 2 S 
CA5260 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ........ 2-258 oT = 
CA5420 Low Supply Voltage, Low Input Current BIMOS Operational Amplifier.................. 2-263 rm S 
CA5470 Quad Microprocessor BIMOS-E Operational Amplifiers with MOSFET Input/Bipolar Output . 2-270 = 
CD22100 CMOS 4 x 4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating) ..... 8-3 
CD22101 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory ............ ccc cece eee euces 8-12 
CD22102 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory .......... 0.0... ccc eeeeeeeee 8-12 
CD22103A CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448 Mb/s Transmission 

PINE So sinh aie es ore Ce TS Cee EPO OE Co ES 8-24 
CD22202 oy ae mOmer OT mr Memewer 535 os. ebeg 25 tics Es Oe Me a 8-30 
CD22203 OY LOW Famer TMP HeOwivel:: 55S E oT eee ee ee Oe MRE Be Ss 8-30 
CD22204 »v¥-Low Power Subscriber DIMF ‘Raceiver e725" Sr Sh eee ies OW BOY 8-36 
CD22301 manomnic Pan: Repeater rc cs se ee Ce DI ORO St 8-41 
CD22354A CMOS ‘Singie-Chip, Fuil-Peatife PCM CODEC; eS io: PUSS TRO eee 8-46 
CD22357A CMOS Single-Chip, Full-Feature PCM CODEC. ............. ccc cece cece ccc eceuees 8-46 
CD22M3493 ta 0X1 HMO’ Crosepoint Swe... rr ee ee eee ONS re 8-56 
CD22M3494 16x 8% 1 CIMOS-E Crosepoit Sener... oe ee ee NN a 8-61 
CD22402 Sync Generator for TV Applications and Video Processing Systems ................... 7-66 
CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator................ 8-67 
CD74HC22106 QMOS 8x8 x 1 Crosspoint Switch with Memory Control ...............00ccceceeueee 8-72 
CD74HCT22106 QMOS 8x 8x 1 Crosspoint Switch with Memory Control ......0.....0 ccc cc cece eceuee 8-72 
HA-2400 PRAM Four Channel Programmable Amplifiers............0 0.0.0. cc cee cece ec ee eee 2-275 
HA-2404 PRAM Four Channel Programmable Amplifiers.........0. 00... ccc cece cece ce ccecuee 2-275 
HA-2405 PRAM Four Channel Programmable Amplifiers............... 000 ccc cece cece aeeees 2-275 


NOTE: Bold Type Designates a New Product from Harris. 


HA-2406 
HA-2420 
HA-2425 
HA-2444 
HA-2500 
HA-2502 
HA-2505 
HA-2510 
HA-2512 
HA-2515 
HA-2520 
HA-2522 
HA-2525 
HA-2529 
HA-2539 
HA-2540 
HA-2541 
HA-2542 
HA-2544 
HA-2546 
HA-2547 
HA-2548 
HA-2556 
HA-2557 
HA-2600 
HA-2602 
HA-2605 
HA-2620 
HA-2622 
HA-2625 
HA-2640 
HA-2645 
HA-2705 
HA-2839 


ALPHA NUMERIC PRODUCT INDEX (continued) 


Digitally Selectable Four Channel Operational Amplifier ...........---- +e seer ees 
Fast Sample and Hold Amplifier... 0... 6... eect eee ene nees 
Fast Sample and Hold Amplifier... ........ 6. eee ee eee cee eee ee eee eens 
Selectable, Four Channel Video Operational Amplifier ..........-.---++++ee+- 
Precision High Slew Rate Operational Amplifiers .... 0.2.2... eee ee eee eee ee eee 
Precision High Slew Rate Operational Amplifiers .........-.- 2 see eee eee eee eee 
Precision High Slew Rate Operational Amplifiers ............ 0.5 see eee ee eee eeee 
High Slew Rate Operational Amplifiers ......... 6... eee eee erence e tenes 
High Slew Rate Operational Amplifiers .......... 6... ee ee eee eee teen eens 
High Slew Rate Operational Amplifiers .. 0... 2.6... cece eee ee eee eee eee enees 
Uncompensated High Slew Rate Operational Amplifiers... .........5+:ee see eeeee 
Uncompensated High Slew Rate Operational Amplifiers...........:..+ee see eeeee 
Uncompensated High Slew Rate Operational Amplifiers...........-..-eeeeeeeeee 
Uncompensated, High Slew Rate High Output Current, Operational Amplifier........ 
Very High Slew Rate Wideband Operational Amplifier. ............2-:eee eee eeeee 
Wideband, Fast Settling Operational Amplifier... 6.2.2.6... cece eee eee ee eee eee 
Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier ...............-- 
Wideband, High Slew Rate, High Output Current Operational Amplifier ............. 
Video Operational Amplifier... 2.0.60... cece ccc ce cee eee tere nee ebecceeare 
Wideband Two Quadrant Analog Multiplier .. 0.66... eee cee eee renee 
Wideband Two Quadrant Analog Multiplier ......... 0.0 cece eee eee ee eens 
Precision, High Slew Rate, Wideband Operational Amplifier...........-.++eeeeee: 
Wideband Four Quadrant Voltage Output Analog Multiplier................... 
Wideband Four Quadrant Current Output Analog Multiplier................... 
Wideband, High Impedance Operational Amplifiers. ........... 6. see ee eee eee eee 
Wideband, High Impedance Operational Amplifiers. ............. cece eee eee eee 
Wideband, High Impedance Operational Amplifiers. ............---e eee eee eee 
Very Wideband, Uncompensated Operational Amplifiers ...........-+..++see+ee: 
Very Wideband, Uncompensated Operational Amplifiers ...........-+.eeeeeneees 
Very Wideband, Uncompensated Operational Amplifiers .........-.. 6. seer eeeees 
High Voltage Operational Amplifiers... 0... 6... c cece cece ee eee een eee teeta 
High Voltage Operational Amplifiers. ... 6.0.6... ccc cece cece eee eee teen ee eeee 
Low Power, High Performance Operational Amplifier. ..... 0.0... 250s ee eee eee eee 
Very High Slew Rate Wideband Operational Amplifier. .............eeseeeeees 


NOTE: Bold Type Designates a New Product from Harris. 


HA-2840 
HA-2841 
HA-2842 
HA-2850 
HA-4741 

HA-4900 
HA-4902 
HA-4905 
HA-5002 
HA-5004 
HA-5020 
HA5022 

HA5023 

HA5024 

HA5025 

HA-5033 
HA-5101 

HA-5102 
HA-5104 
HA-5111 

HA-5112 
HA-5114 
HA-5127 
HA-5130 
HA-5134 
HA-5135 
HA-5137 
HA-5142 
HA-5144 
HA-5147 
HA-5160 
HA-5162 
HA-5170 
HA-5177 


ALPHA NUMERIC PRODUCT INDEX (continueg) 


Very High Slew Rate Wideband Operational Amplifier................c0 cece eeeees 
Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier............ 
Wideband, High Slew Rate, High Output Current, Video Operational Amplifier ....... 
Low Power, High Slew Rate Wideband Operational Amplifier...................... 


Quad Operational Amplifier ...........0.... 
Precision Quad Comparator............... 
Precision Quad Comparator............... 


Precision Quad Comparator............... 


Monolithic, Wideband, High Slew Rate, High Output Current Buffer.................... 


100MHz Current Feedback Amplifier........ 
100MHz Current Feedback Video Amplifier . 


Dual, Quad 100MHz Video Current Feedback Amplifier with Disable................ 
Dual, Quad 100MHz Video Current Feedback Amplifier... .........0. 0. ccc eee eee 
Dual, Quad 100MHz Video Current Feedback Amplifier with Disable................ 
Dual, Quad 100MHz Video Current Feedback Amplifier............. 0... cece eee 


Jp Serer Se ree rere et oy ee 


Low Noise, High Performance Operational Amplifiers .........0. 00.000. c cece eee eee 


Low Noise, High Performance Operational Amplifiers. .......0...00 0.0.0. ccc eee ee eee 


Low Noise, High Performance Operational Amplifiers .........0... 0.0.0. ccc cee eee ee 


Low Noise, High Performance Operational Amplifiers ............... 000 c cece eee eee 


Low Noise, High Performance Operational Amplifiers. ........0.0.0. 000.00. cc eee eee eee 


Low Noise, High Performance Operational Amplifiers ...........0.0 00.0.0. ce cece wees 


Ultra-Low Noise Precision Operational Amplifier... 2.0.0.0... 0.000000. cc cece ee eee 


Precision Operational Amplifiers ........... 
Precision Quad Operational Amplifier ....... 


Precision Operational Amplifiers ........... 


Ultra-Low Noise Precision Wideband Operational Amplifier .......................0.. 


Dual/Quad Ultra-Low Power Operational Amplifiers........0...00 0000.00 ccc cece ee eens 


Dual/Quad Ultra-Low Power Operational Amplifiers... .........00 000.00 c cece eee ee eee ae 


Ultra-Low Noise Precision High Slew Rate Wideband Operational Amplifier.............. 


Wideband, JFET Input High Slew Rate, Uncompensated, Operational Amplifiers ......... 


Wideband, JFET Input High Slew Rate, Uncompensated, Operational Amplifiers ......... 


Precision JFET Input Operational Amplifier . . . 


Ultra-Low Offset Voltage Operational Amplifier 
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HA-5190 
HA-5195 
HA-5221 
HA-5222 
HA5232 
HA5234 
HA-5320 
HA-5330 
HA-5340 
HA5350 
HA5351 
HA5352 
HA7210 
HC-5502B 
HC-5504B 


HC-5504DLC 
HC-5509A1 


HC-5509B 
HC-5524 
HC-5560 
HC-55536 
HC-55564 
HFA-0001 
HFA-0002 
HFA-0003 


HFA-0003L 


HFA-0005 
HFA1100 
HFA1105 
HFA1106 
HFA1110 
HFA1112 
HFA1113 
HFA1120 


ALPHA NUMERIC PRODUCT INDEX (continuea) 


Wideband, Fast Settling Operational Amplifiers... .. 0.6... 66 eee ee eee eee eee ee 
Wideband, Fast Settling Operational Amplifiers... 2... 6.6... 6s eee cee eee 
Low Noise, Wideband Precision Operational Amplifiers ..........--... 05s eee eee 
Low Noise, Wideband Precision Operational Amplifiers .... 6.6.0.6 0 6s eee e eee ees 
Precision Dual and Quad Operational Amplifiers. ........--. 20s eee eee eens 
Precision Dual and Quad Operational Amplifiers. .............2+eeeeeeeeeees 
High Speed Precision Monolithic Sample and Hold Amplifier ..............+++++-- 
Very High Speed Precision Monolithic Sample and Hold Ammplifierioss 9 iwi salsiaaik.. 
High Speed, Low Distortion, Precision Monolithic Sample and Hold Amplifier ........ 
Ultra Fast (50ns) Sample and Hold Amplifier .........--- 222 eee eee eee eee eees 
Ultra Fast (50ns) Sample and Hold Amplifier .........-.-22e cece eee cece eeees 
Ultra Fast (50ns) Dual Sample and Hold Amplifier...............--5---2555-- 
Low Power Crystal Oscillator. .............6 0. eee eee eee epinsOGd heud. dnutl. 
SLIC Subscriber Line Interface Circuit.............. 6. cece eee eee eee 
SLIC Subscriber Line Interface Circuit... ........ 0.0: cece eee eee eee eee 
SLIC Subscriber Line Interface Circuit. ... 0... cece eee eee eee ee eileen wee 
SLIC Subscriber Line Interface Circuit............... 2. cee eee eee eee ee eee 
SLIC Subscriber Line Interface Circuit............. 066. cece eee eee eee 
SLIC Subscriber Line Interface Circuit... 2.0... ene eee eee 
PCM Transcoder. .........). Gia bien Jims ee Bona re snl ;aaiekt-wed: 
Continuous Variable Slope Delta-Demodulator (CVSD) ........-. 00sec ee eee 
Continuously Variable Slope Delta-Modulator (CVSD) ........-.- 022 cee ee eee eee 
Ultra High Slew Rate Operational Amplifier... 0.0... 06... cee cece eee eee eee 
Low Noise Wideband Operational Amplifier... . 0.0.0.0... cece eee eee ees 
Ultra High Speed Comparator. .......... 0.6. cece eee eee eee nes 
Ultra High Speed Comparator.............. .. aotigndk ancimeeG ntieiesd -. 
High Slew Rate Operational Amplifier... 2.06.6... eee ee cee eee eee eens 
Ultra High-Speed Current Feedback Amplifiers ...........2-2e eee ence ee eees 
High-Speed, Low Power, Current Feedback Operational Amplifiers in cPiawis- 
High-Speed, Low Power, Current Feedback Operational Amplifiers ..........-. 
750MHz Low Distortion Unity Gain, Closed Loop Buffer. ..........-+-+eese0e- 
Ultra High-Speed Closed Loop Buffer Amplifier. ..........2.+0eseeeeeeeeeees 
High-Speed, Output Clamping Closed Loop Buffer ........-.2.---eeeeeeeeeees 
Ultra High-Speed Current Feedback Amplifiers ...........--.0-+eeeeeeeeeees 
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ALPHA NUMERIC PRODUCT INDEX (continued) 


PAGE 
HFA1130 Output Clamping, Ultra High-Speed Current Feedback Amplifier .................- 2-659 
HFA1135 High-Speed, Low Power, Current Feedback Operational Amplifiers ................ 2-636 
HFA1145 High-Speed, Low Power, Current Feedback Operational Amplifiers ................ 2-636 
HFA3046 Ultra High Frequency Transistor Array.............. 0... cece eee eee 6-70 
HFA3096 Ultra High Frequency Transistor Array. ............ 0.0... eee ee eee eee eee 6-70 
HFA3127 Ultra High Frequency Transistor Array ............ 00... cc cee ccc eee eee eens 6-70 
HFA3128 Ultra High Frequency Transistor Array ...... 0.0.0.0... ccc eee eee eens 6-70 
HFA5250 Ultra High-Speed Monolithic Pin Driver ............. 0... cece ee eee eens 7-108 
ICL7611 ICL76XX Series Low Power CMOS Operational Amplifiers ............ 00.02 eee ee eee 2-670 
ICL7612 ICL76XX Series Low Power CMOS Operational Amplifiers ............. 0.00 c ee eee eee 2-670 = 
ICL7621 ICL76XX Series Low Power CMOS Operational Amplifiers ...............0000 cee eees 2-682 < : 
ICL7641 ICL76XX Series Low Power CMOS Operational Amplifiers ................00 2c ee eeee 2-682 a = 
ICL7642 ICL76XX Series Low Power CMOS Operational Amplifiers .............. 0.0.0 eee eee 2-682 Oo © 
ICL7650S Super Chopper-Stabilized Operational Amplifier... 0.0.0.0... 00. cece eee eee eee 2-694 . 
ICL8013 POUETIUATIANUANRIOG CAUNUONOE is «trod cr aes 6 oe ds 0 cede s o CE NRING ws hk he ee 7-112 
ICL8038 Precision Waveform Generator/Voltage Controlled Oscillator............ 0.0... 7-120 
ICL8048 nae PUN ona oon ys sy sp 5 Sk wo ReaD acai tod aks 1 oa OS A 7-130 
ICL8049 Leg/Antliog Amplifiers... 6c... os erpieanda eens uacwh whenreense een does Cie es 7-130 
ICM7242 eerie PRN PE FINE 55s oka ts Siege eretey o WR a Rec gre) Bhs FR ee eg ee 7-140 
ICM7555 ET PIO TATIONS foo, Sono vc cs oR eC ee ea ei a Ob ee hea SEN is Ee 7-146 
ICM7556 Sanaa RCO 1 NN oe a eee Bea dae ow es © ck EAS he PENSE ee 7-146 
LM324* Quad Operational Amplifiers for Commercial, Industrial, and Military Applications ........ 2-19 
LM339 Quad Voltage Comparators for Industrial, Commercial and Military Applications.......... 3-3 
LM358* Dual Operational Amplifiers for Commercial Industrial, and Military Applications.......... 2-26 
LM555 Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and 
PORN NNN ocr g os ona doe CS ee eo Bo sg ees 7-3 
LM741* High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
PT so gas ho as a es Re ES TE eS 2-37 
LM1458* High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
PUI oa es a re ee rr Ph Ae bie ces 2-37 
LM1558* High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
Na aa tr pun Ee in gal ee Bbw sige og tp AG Sp vg Sou wk Oe 2-37 
LM2902* Quad Operational Amplifiers for Commercial, Industrial, and Military Applications ........ 2-19 
LM2904* Dual Operational Amplifiers for Commercial Industrial, and Military Applications.......... 2-26 


NOTE: Bold Type Designates a New Product from Harris. 


PRODUCT INDEX BY FAMILY 


COMPARATORS DATA SHEETS 


CA139, CA239, 
CA339, 
LM339 


CA3098 
CA3290 


HA-4900, 
HA-4902, 
HA-4905 


HFA-0003, 
HFA-0003L 


Quad Voltage Comparators for Industrial, Commercial and Military Applications........ 


Programmable Schmitt Trigger - with Memory Dual Input Precision Level Detectors. ... . 
BiMOS Dual Voltage Comparator with MOSFET Input, Bipolar Output ............... 


Precision: Quad:Comparator....... 6. MAUR AGIC RAR, CRUSHES FEO I ee a 


Ultra High Speed Comparator .......... 0.0 ccc cece cee eter ee teen eens 


DIFFERENTIAL AMPLIFIERS DATA SHEETS 


CA3028, CA3053 


CA3049, CA3102 


CA3054 


Differential/Cascode Amplifiers for Commercial and Industrial Equipment from DC to 
VES ee ee pi es Lae OO Ee EIR Fae Ae ET oe 6 Pee SON an Wa hegre ava bee ace tie 


Dual High Frequency Differential Amplifiers For Low Power Applications Up 
BOOMER oo ec ecw Whe wc a awk ents Cas a DQM BOUIN Te GWE HOT cs 6 bist 


Transistor Array - Dual Independent Differential Amp for Low Power Applications from 
ER EE is ae rea es oon OR Ee CERN Oo ie MIE Se hie Cals ha etn be eee ta ears 


OPERATIONAL AMPLIFIERS DATA SHEETS 


CA124, CA224, 
CA324, LM324"*, 
LM2902* 


CA158, CA258, 
CA358, CA2904, 
LM358*, LM2904* 


CA741, CA1458, 
CA1558, LM741*, 
LM1458*, LM1558* 


CA3020 


CA3060 
CA3078 
CA3080 
CA3094 
CA3100 
CA3130 
CA3140 


Quad Operational Amplifiers for Commercial, Industrial, and Military Applications. ...... 


Dual Operational Amplifiers for Commercial Industrial, and Military Applications........ 


High Gain Single and Dual Operational Amplifiers for Military, Industrial and Commercial 
ADGIGAIIONS.. 6... e ceases ig Ue ie a a asp Fe ie Mme Ck GOR RS a sty RO aE Se eee 


Multipurpose Wide-Band Power Amps Military, Industrial and Commercial Equipment at 
Frequency Up td SMHZ i) Fie) Ae ee SAA Ea ay Te gs 


Operational Transconductance Amplifier ArrayS... 6.6... ee ee ees 
Micropower Operational Amplifier... .. <0. oe cece oe o's eas oiireee barmieiealie so sos eas 
Operational Transconductance Amplifier (OTA) .. 0.0.2... 6 cece cece beeen eens 
Programmable Power Switch/Amplifier for Control and General Purpose Applications .. . 
VU peOCEICE RO PIEMICINT PATTING oan coco pe ohio hic awk Bie EM eualn uth «alee vile Se mE 
BiMOS Operational Amplifier with MOSFET Input/CMOS Output.................... 
BiMOS Operational Amplifier with MOSFET Input/Bipolar Output ................... 
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3-3 


3-7 
3-17 
3-25 


3-33 


2-19 


2-26 


2-37 


2-43 


2-52 
2-64 
2-73 
2-86 
2-101 
2-108 
2-123 


PRODUCT INDEX BY FAMILY (continueg) 


PAGE 

OPERATIONAL AMPLIFIERS DATA SHEETS (continued) 
CA3160 BiMOS Operational Amplifiers with MOSFET Input/CMOS Output................... 2-143 
CA3193 BiCMOS Precision Operational Amplifiers .......... 00. cee cece ccc e ccc ceeeuceucs 2-160 
CA3240 Dual BiMOS Operational Amplifier with MOSFET Input/Bipolar Output ............... 2-171 
CA3260 BiMOS Operational Amplifier with MOSFET Input/CMOS Output.................... 2-187 
CA3280 Dual Variable: Oneratlonal AmOunen:. ss655 cis bo lyon 6600 ve soos kee snnnd ec ekk 2-191 
CA3420 Low Supply Voltage, Low Input Current BIMOS Operational Amplifiers ............... 2-202 
CA3440 Nanopower BiMOS Operational Amplifier........... 00... ccc cece ccc eee ceceucs 2-207 
CA3450 Video Line Driver, High Speed Operational Amplifier..............0..00cccececeeee 2-213 i 
CA5130 BiMOS Microprocessor Operational Amplifier with MOSFET Input/CMOS Output... .... 2-221 z o 
CA5160 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output...... 2-238 rf : 
CA5260 BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output...... 2-258 6 o 
CA5420 Low Supply Voltage, Low Input Current BiMOS Operational Amplifier................ 2-263 = 
CA5470 Quad Microprocessor BiMOS-E Operational Amplifiers with MOSFET Input/Bipolar 

Outpulidaedd ml setliqundoiniveed foernu? aay SMECG! bre jeu AROS 2-270 
HA-2400, HA-2404, PRAM Four Channel Programmable Amplifiers ............0 000 cc cececcccecccce. 2-275 
HA-2405 
HA-2406 Digitally Selectable Four Channel Operational Amplifier................0.000c0eeee 2-281 
HA-2444 Selectable, Four Channel Video Operational Amplifier............... ce ee 2-287 
HA-2500, HA-2502, Precision High Slew Rate Operational Amplifiers .............00ccccccccceeucccee 2-290 
HA-2505 
HA-2510, HA-2512, High Slew Rate Operational Amplifiers... 0.2.0.0... 000 ccc cece cccccuccececcecee 2-296 
HA-2515 
HA-2520, HA-2522, | Uncompensated High Slew Rate Operational Amplifiers .....................--0-. 2-301 
HA-2525 
HA-2529 Uncompensated, High Slew Rate High Output Current, Operational Amplifier.......... 2-308 
HA-2539 Very High Slew Rate Wideband Operational Amplifier ..............c0ccccecececee 2-315 
HA-2540 Wideband, Fast Settling Operational Amplifier ............. 000. ccc cece ceeccucces 2-322 
HA-2541 Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier................... 2-330 
HA-2542 Wideband, High Slew Rate, High Output Current Operational Amplifier............... 2-338 
HA-2544 Video-Operational Amplifier... ..citiewth lsrciicieis} eri ad does «a etehi.. SOTA 2-348 
HA-2548 Precision, High Slew Rate, Wideband Operational Amplifier ................00c000. 2-358 
ht HA-2602, Wideband, High Impedance Operational Amplifiers ..............00ccecceeccecece 2-368 
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PRODUCT INDEX BY FAMILY (continuea) 


OPERATIONAL AMPLIFIERS DATA SHEETS (Continued) 


HA-2620, HA-2622, 
HA-2625 


HA-2640, HA-2645 
HA-2705 
HA-2839 
HA-2840 
HA-2841 
HA-2842 
HA-2850 

HA-4741 

HA-5002 

HA-5004 
HA-5020 
HA5022, HA5024 
HA5023, HA5025 
HA-5033 
HA-5101, HA-5111 


HA-5102, HA-5104, 
HA-5112, HA-5114 


HA-5127 

HA-5130, HA-5135 
HA-5134 

HA-5137 

HA-5142, HA-5144 
HA-5147 

HA-5160, HA-5162 
HA-5170 

HA-5177 

HA-5190, HA-5195 
HA-5221, HA-5222 
HA5232, HA5234 
HFA-0001 


Very Wideband, Uncompensated Operational Amplifiers .......... 0.0.0 e eee ee eee 


High Voltage Operational Amplifiers ..... 


Low Power, High Performance Operational 


PUTO Re acs sia hal ae Ce 


Very High Slew Rate Wideband Operational Amplifier .............00eeeeeeeees 


Very High Slew Rate Wideband Operational Amplifier .............ceeeeeeecees 
Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier.......... 
Wideband, High Slew Rate, High Output Current, Video Operational Amplifier..... 


Low Power, High Slew Rate Wideband Operational Amplifier ................... 


Quad Operational Amplifier............ 


Monolithic, Wideband, High Slew Rate, High Output Current Buffer.................. 


100MHz Current Feedback Amplifier... .. 


100MHz Current Feedback Video Amplifier ..............csccsccccccccececees 
Dual, Quad 100MHz Video Current Feedback Amplifier with Disable ............. 
Dual, Quad 100MHz Video Current Feedback Amplifier ..............202 ee ecees 


WIG To aea so fics eee eee ees 
Low Noise, High Performance Operational 


Low Noise, High Performance Operational 


eoeeeseeeseseeeseeeeeeeeeeeeeeeeeeeeeeeeee 


MMM Ls i eck rhe kd eee eee ee 
PI es ie ks eet re See a eee 


Ultra-Low Noise Precision Operational Amplifier... ...... 0.0... ccc eee eee eee 


Precision Operational Amplifiers........ 


Precision Quad Operational Amplifier... . 


Ultra-Low Noise Precision Wideband Operational Amplifier....................000. 


Dual/Quad Ultra-Low Power Operational Amplifiers .......... 00... cece eee eee ee 


Ultra-Low Noise Precision High Slew Rate 
Wideband, JFET Input High Slew Rate, Un 
Precision JFET Input Operational Amplifier 


Wideband Operational Amplifier........... 


compensated, Operational Amplifiers....... 


Ultra-Low Offset Voltage Operational Amplifier.... 2.0... 0.0.0... cc eee eee eee 


Wideband, Fast Settling Operational Amplifiers .......... 0... e cee eee ee eee eee 


Low Noise, Wideband Precision Operational Amplifiers ............. 0.2.0 c ee ee eee 


Precision Dual and Quad Operational Amplifiers ..............0cc ccc ee ences 


Ultra High Slew Rate Operational Amplifier 
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2-376 


2-383 
2-389 
2-392 
2-400 
2-408 
2-417 
2-426 
2-434 
2-440 
2-448 
2-457 
2-468 
2-469 
2-470 
2-480 
2-490 


2-500 
2-509 
2-517 
2-525 
2-533 
2-540 
2-548 
2-556 
2-564 
2-574 
2-582 
2-593 
2-598 


PRODUCT INDEX BY FAMILY (continued) 


OPERATIONAL AMPLIFIERS DATA SHEETS (continued) 


HFA-0002 Low Noise Wideband Operational Amplifier ........... 0.0... cc cece ccc eee eee eee 
HFA-0005 righ Slew:Rate Operational Amplifigt sac ee cc cae cece Cece ce events cars 
HFA1100, HFA1120 Ultra High-Speed Current Feedback Amplifiers ...............ccccceccececeecs 
HFA1105, HFA1106, High-Speed, Low Power, Current Feedback Operational Amplifiers .............. 
HFA1135, HFA1145 

HFA1110 750MHz Low Distortion Unity Gain, Closed Loop Buffer.................eeee0- 
HFA1112 Ultra High-Speed Closed Loop Buffer Amplifier ...........0.0. cece eececccuces 
HFA1113 High-Speed, Output Clamping Closed Loop Buffer. ............cceceececececes 
HFA1130 Output Clamping, Ultra High-Speed Current Feedback Amplifier ................ 
ICL7611, ICL7612 ICL76XX Series Low Power CMOS Operational Amplifiers ...............2..0.000- 
ICL7621,1CL7641, | ICL76XX Series Low Power CMOS Operational Amplifiers ..................0-005- 
ICL7642 

ICL7650S Super Chopper-Stabilized Operational Amplifier.......... 0.000. ccc ce ec cece eeeeee 


SAMPLE AND HOLD AMPLIFIER DATA SHEETS 


HA-2420, Pee Deri On Pols Amounere (os os cc cg Oe vc vo one Gk a Siva eae Cee uae een 
HA-2425 

HA-5320 High Speed Precision Monolithic Sample and Hold Amplifier...................005- 
HA-5330 Very High Speed Precision Monolithic Sample and Hold Amplifier................... 
HA-5340 High Speed, Low Distortion, Precision Monolithic Sample and Hold Amplifier.......... 
HA5350, HA5351 Ultra Fast (50ns) Sample and Hold Amplifiers ............. ccc cece cee cececces 
HA5352 Ultra Fast (50ns) Dual Sample and Hold Amplifier ............................ 


SPECIAL ANALOG CIRCUITS DATA SHEETS 


CA555, LM555 Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and 
MIMAry EQUIDINGIE ooo cos ee canes wold bare PO LOG Bi eae pe 2 OAT oS, 

CAige, CAIS94 TV Horizontal Processors ................ AVE. Ueda V AS OME PMG AG OL... 
CA3089 FM IF Systennieo. 2000 yecsvpetiiN ana SOMic Oo nostic oilengMy: oo 
CA3126 TV Chroma Processor aie). Coma iw folig iogz eee FX EX PB SOMO. 386 
CA3189 ND rear ay 5 5s Gia Gee aE OS a SA he OR neo ee 
CA3194 Single Chip PAL Luminance/Chroma Processor............. ccc ceecceccceecevces 
CA3217 Single Chip TV Chroma/Luminance Processor..............ccceeccceeececeueees 
CA3256 BiMOS Analog Video Switch and Amplifier............. 00. cc cece ec ce cece cee eees 
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2-608 
2-617 
2-627 
2-636 


2-637 


2-646 | 


2-651 
2-659 
2-670 
2-682 


2-694 
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PRODUCT INDEX BY FAMILY (continueq) 


SPECIAL ANALOG CIRCUITS DATA SHEETS (Continued) 


CD22402 
HA-2546 
HA-2547 
HA-2556 
HA-2557 
HA7210 
HFA5250 
ICL8013 
ICL8038 


ICL8048, 
ICL8049 


ICM7242 


ICM7555, 
ICM7556 


Sync Generator for TV Applications and Video Processing Systems................. 
Wideband Two Quadrant Analog Multiplier... 0.0... ee ee eee eee 
Wideband Two Quadrant Analog Multiplier... 2... 0... 6. eee eee eee 
Wideband Four Quadrant Voltage Output Analog Multiplier..................... 
Wideband Four Quadrant Current Output Analog Multiplier .................... 
Lew: POWSE CryOIaPUreenttOn: SN hen ea hee re eer eters bereits setts 
Ultra High-Speed Monolithic Pin Driver ................ 00.0.0... cece eee eee 
Four Quadrant Analog Momoder ss? os ce os Ree ek eee Cee ees wees wok wee tvs 
Precision Waveform Generator/Voltage Controlled Oscillator...................005. 


EDOM ARIE ceo ete core Ree rs ee a ee One On ee een a ees 


Lei Rn Fs ak So 5 Sonn ee ed oe ke a Ee ee 


erarel fF iimeae Timers = 55 oT Se ae ae ee eae Ce Pe aT wa ae FP 


TELECOMMUNICATIONS DATA SHEETS 


CD22100 


CD22101, CD22102 


CD22103A 


CD22202, CD22203 


CD22204 
CD22301 


CD22354A, 
CD22357A 


CD22M3493 
CD22M3494 
CD22859 


CD74HC22106, 
CD74HCT22106 


HC-5502B 
HC-5504B 
HC-5504DLC 
HC-5509A1 


CMOS 4 x 4 Crosspoint Switch with Control Memory High-Voltage Type (20V Rating) .. . 
CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory.............0..2..0.22005- 


CMOS HDB3 (High Density Bipolar 3) Transcoder for 2.048/8.448 Mb/s Transmission 


es Fg be a arr i 8 Bak aa a Ce FE a 
SV Low Power DIME ROCGIVOE oie xn cone note b4ay cdinnsch der Reeipe tas pit a ES 
5V Low Power Subscriber DTMF Receiver. ......... 0.2... cee cece ee eee eee ees 
DACP Hr 0 FORO aca case ob ee no ks le aR ON Oe oe Ow Rie ee 


CMOS Single-Chip, Full-Feature PCM CODEC ..... 2... ele cc eee eee eee 


12x 8x 1 SIMOS-E Crosspoint Switch... cc. RS 
16 x.8x 1 BIMOS-E Crosspoint Switch ................ .aieeeenee inteashea Vi... 2 Ra 
Monolithic Silicon COS/MOS Dual-Tone Multifrequency Tone Generator.............. 
QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control. ...............0 000 e eee 


NOTE: Bold Type Designates a New Product from Harris. 
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7-66 
7-76 
7-89 
7-97 
7-101 
7-104 
7-108 
7-112 
7-120 
7-130 


7-140 
7-146 


8-3 
8-12 
8-24 


8-30 
8-36 
8-41 
8-46 


8-56 
8-61 
8-67 
8-72 


8-81 
8-90 
8-98 
8-106 


PRODUCT INDEX BY FAMILY (continueq) 


PAGE 
TELECOMMUNICATIONS DATA SHEETS (Continued) 
HC-5509B SLIC Subscriber Line Interface Circuit .............. 00.0.0 cc cc cece eee eee eee 8-116 
HC-5524 SlLIG-Subseriber. Cine imteriaes Circuit... 2... ws See ch ec ee 8-126 
HC-5560 PeReiy AOU RII olin aa ids > 05s Kare ead nea oy be on EEA ee eee 8-135 
HC-55536 Continuous Variable Slope Delta-Demodulator (CVSD)........... 0.00.0 cece ee eeee 8-144 
HC-55564 Continuously Variable Slope Delta-Modulator (CVSD) .............0 ccc cece eeeee 8-147 
TRANSISTOR ARRAY DATA SHEETS 
CA3018 General Purpdse: TransistorArrays .... Sido. ee cee eee eee dele av nce en 6-5 
CA3039 EON pio. og oa ds ins oo oe oad Pah ER ee 6-11 = 5 
CA3045, CA3046 General Purpose N-P-N Transistor Arrays... 06. ...00 0c ccc cc uewed et nacecceceens 6-15 c : 
CA3081, CA3082 General Purpose High Current N-P-N Transistor Arrays. .........0...000000ce ee eeee 6-21 ii 5 
CA3083 General Purpose High Current N-P-N Transistor Array .............00 ccc ee eceeeee 6-24 = 
CA3086 General Purpose N-P-N Transistor Array i... oo. cle cat ovo eae gd le a ae 6-28 
CA3096 Pe Pe tier TR OE PUTOY oto so ep a eno sas afvk vais COE es 6-33 
CA3127 High Frequency N-P-N Transistor Almay. oo. os. cde oko. Ske ceo eps se 6-46 
CA3141 High-Voltage Diode Array For Commercial, Industrial & Military Applications. .......... 6-52 
Bmoieo. CAotGs — High-Vollaga Wrarnsistor Alrave si... gc ci co de vo eke eee ee ee os 6-55 
CA3227, CA3246 High-Frequency N-P-N Transistor Arrays For Low-Power Applications at 6-65 

PIUIBEIEI ON LID Ue lok cs pee yo cw oa ud he os Oe a ee 

HFA3046, HFA3096, Ultra High Frequency Transistor Array .............. 0.0.0 cc cece cece eccuces 6-70 


HFA3127, HFA3128 


NOTE: Bold Type Designates a New Product from Harris. 


Gy HARRIS 


SEMICONDUCTOR 


Commercial Linear Product Cross Reference 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
Yes 


3507J HA2-2525-5 


* Primary pins are pin-to-pin; Secondary/optional pins are not 


3508J HA2-2625-5 

3551J HA2-5162-5 Reduced Ibias/Greater Bandwidth 

3551S HA2-5160-2 Reduced Ibias/Greater Bandwidth 
3554AM HFA1-0001-9 Greater Bandwidth/Faster Ts/Lower price 
3554BM HFA1-0001-9 Greater Bandwidth/Faster Ts/Lower price 
3554SM HFA1-0001-9 Greater Bandwidth/Faster Ts/Lower price 
AD3554AM HFA1-0001-9 Greater Bandwidth/Faster Ts/Lower price 
AD3554BM HFA1-0001-9 Greater Bandwidth/Faster Ts/Lower price 
AD3554SM HFA1-0001-9 Greater Bandwidth/Faster Ts/Lower price 
AD389BD HA1-5320-2 Faster Acquisition/Reduced Droop 
AD389KD HA1-5320-5 Faster Acquisition/Reduced Droop 
AD507JH HA2-2625-5 

AD507KH HA2-2625-5 

AD507SH HA2-2620-2 

AD509JH HA2-2525-5 Substitute HA2-2529-5 

AD509KH HA2-2525-5 Substitute HA2-2529-5 

AD509SH HA2-2520-2 Substitute HA2-2529-2 

AD518JH HA2-2515-5 

AD518JN HA3-2515-5 

AD518KH HA2-2515-5 

AD518SH HA2-2510-2 

AD539JD HA1-2547-5 Enhanced Bandwidth 

AD539KD HA1-2547-5 Enhanced Bandwidth 

AD539SD HA1-2547-9 Enhanced Bandwidth 

AD542JH HA1-5170-5 Enhanced ACs 

AD5539JN HA3-2839-5 

AD5539JQ HA1-2839-5 

AD5539SQ HA1-2539-2 

AD582KD HA1-2425-5 Faster Acquisition/Enhanced ACs 
AD582SD HA1-2420-2 Faster Acquisition/Enhanced ACs 
AD583KD HA1-2425-5 Faster Acquisition/Greater lout 
AD585AQ HA1-5320-5 Faster Acquisition/Reduced Droop 
AD585SQ HA1-5320-2 Faster Acquisition/Reduced Droop 
AD811AN HA3-5020-9 Lower Power, Price 

AD811SQ/883 HA7-5020/883 Lower Power, Price 

AD821AQ CA5160AE (PDIP) Reduced Ibias/Enhanced ACs 

AD821AS CA5160AE (PDIP) Reduced Ibias/Enhanced ACs 

AD821JN CA5160AE Reduced Ibias/Enhanced ACs 

AD840JN HA3B2840-5 Lower Cost 

AD840JQ HA1-2840-5 Lower Cost 

AD840KN HA3B2840-5 Lower Cost 

AD840KQ HA1-2840-5 Lower Cost 

AD840SQ HA1-2840/883 Lower Cost 

AD840SQ/883 HA1-2840/883 Lower Cost 

AD841JH HA2-2541-5 


HA3-2841-5 


| AD841./N 


Lower Cost 


Commercial Linear Product Cross Reference (continuea) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


AD841JQ HA1-2541-5 
AD841KH HA2-2541-5 
AD841KN HA3-2841-5 
AD841KQ HA7-2841-5 
AD841SH HA2-2541/883 


Lower Cost 
Enhanced ACs/Lower Power 
Enhanced ACs/Lower Power 


AD841SQ HA1-2841/883 Lower Cost 
AD841SQ/883 HA1-2841/883 Lower Cost 
AD842JH HA2-2542-5 


AD842JN 
AD842JQ 
AD842KH 
AD842KN 
AD842KQ 
AD842SH 
AD842SQ 
AD842SQ/883 
AD844AN 
AD844AQ 
AD844BQ 
AD844SQ/883B 
AD846AN 
AD846AQ 
AD846BQ 
AD846SQ 
AD847JN 
AD847SQ 
AD9610BH 
AD9617JN 
AD9620AD 
AD9620SD 
AD9630AN 
AD9630AQ 
AD9630AR 
AD9630SQ 
AD96685BH 
AD96685BQ 
AD96685BR 
ADLH0032CG 
ADLH0032G 
ADLH0033CG 
ADLH0033G 
ADOP27AH 
ADOP27AQ 
ADOP27EH 
ADOP27EQ 
ADOP27GH 
ADOP27GQ 


HA3B2842-5 
HA1-2542-5 
HA2-2542-5 
HA3B2842-5 
HA1-2542-5 
HA2-2542/883 
HA1-2842/883 
HA1-2842/883 
HA3-5020-9 
HA7-5020-9 
HA7-5020-9 
HA7-5020/883 
HA3-5020-9 
HA7-5020-9 
HA7-5020-9 
HA7-5020/883 
HA3-2544C-5 
HA7-2544-2 
HA1-5004-9 
HFA3-0001-5 
HFA11101J 
HFA1110MJ/883 
HFA1110iP 
HFA11101J 
HFA1110iB 
HFA1110MJ/883 
HFA2-0003L-9 
HFA1-0003L-9 
HFASPO003L-5 
HA2-2542-5 
HA2-2542-2 
HA2-5033-5 
HA2-5033-2 
HA2-5127A-2 
HA7-5127A-2 
HA2-5127A-5 
HA7-5127A-5 
HA2-5127-5 
HA7-5127-5 


Lower Cost 


Lower Cost 


Enhanced ACs/Lower Cost 
Lower Cost 
Lower Cost 
Enhanced ACs and Video Performance 
Enhanced ACs and Video Performance 
Enhanced ACs and Video Performance 
Enhanced ACs and Video Performance 
Enhanced ACs/Lower Cost 
Enhanced ACs/Lower Cost 
Enhanced ACs/Lower Cost 
Enhanced ACs/Lower Cost 


GENERAL 
INFORMATION 


Greater Bandwidth/Lower Cost Monolithic 
Greater Bandwidth/Lower Cost 
Performance, Price 

Performance, Price 


Performance, Price 
Performance, Price 
Performance, Price 
Performance, Price 
Better Performance 


Better Performance 

Faster Propagation Delay/Lower Cost 
Monolithic/Lower Cost 
Monolithic/Lower Cost 

Enhanced ACs/Monolithic/Lower Cost 
Enhanced ACs/Monolithic/Lower Cost 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 


* Primary pins are pin-to-pin; Secondary/optional pins are not 


Commercial Linear Product Cross Reference (continued) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


ADOP37AH HA2-5137A-2 Enhanced ACs/Reduced Icc 
ADOP37AQ HA7-5137A-2 Enhanced ACs/Reduced Icc 
ADOP37EH HA2-5137A-5 Enhanced ACs/Reduced Icc 
ADOP37EQ HA7-5137A-5 Enhanced ACs/Reduced Icc 
ADOP37GH HA2-5137-5 Enhanced ACs/Reduced Icc 
ADOP37GQ HA7-5137-5 Enhanced ACs/Reduced Icc 
AM-450-2 HA2-2505-5 Guaranteed DCs/ACs 
AM-450-2M HA2-2502-2 Guaranteed DCs/ACs 
AM-452-2 HA2-2525-5 Guaranteed DCs/ACs 
AM-452-2M HA2-2522-2 Guaranteed DCs/ACs 
AM-460-2 HA2-2605-5 Guaranteed DCs/ACs 
AM-460-2M HA2-2602-2 Guaranteed DCs/ACs 
AM-462-2 HA2-2625-5 Guaranteed DCs/ACs 
AM-462-2M HA2-2620-2 Guaranteed DCs/ACs 
AM-7650-1 ICL7650SCPD Almost Identical 
AM-7650-2 ICL7650SCTV-1 Almost Identical 
BB3554AM HFA1-0001-9 Greater Bandwidth/Faster Ts/Lower Cost 
BB3554BM HFA1-0001-9 Greater Bandwidth/Faster Ts/Lower Cost 
BB3554SM HFA1-0001-9 Greater Bandwidth/Faster Ts/Lower Cost 
CA3054 CA3054 SOIC Version Available 
CA3146P CA3146E 
CLC110A8D HFA1110MJ/883 
CLC110AID HFA11101J 
CLC110AJP HFA1110IP 
CLC110ALC HFA1110Y 
CLC400A8D HFA1120MJ/883 
CLC400AID HFA11201J 
CLC400AID HFA1-0001-9 
CLC400AJE HFA11201B 
CLC400AJP HFA11201P 
CLC400AJP HFA3-0001-9 
CLC400ALC HFA1120Y 
CLC401A8D HFA1100MJ/883 
CLC401AID HFA1100IJ 
CLC401AID HFA1-0005-9 
CLC401AJP HFA1100IP 
CLC401AJP HFA3-0005-9 
CLC401ALC HFA1100Y 
CLC402A8D HFA1100MJ/883 
CLC402AID HFA1100IJ 
CLC402AJE HFA11001B 
CLC402AJP HFA1100IP 
CLC402ALC HFA1100Y 
CLC402BJP HFA3-0005-5 
CLC404A8D HFA1100MJ/883 
CLC404AID HFA1100IJ 
CLC404AJE HFA11001B 


Better Performance 
Better Performance 


Better Performance 
Die 
Better Performance 
Better Performance 


Faster Transient Response 
Better Performance 


Better Performance 

Faster Transient Response 
Die 
Better Performance 


Better Performance 


Faster Transient Response 


Better Performance 

Faster Transient Response 
Die 
Better Performance 
Better Performance 


Better Performance 
Better Performance 
Die 


Better Performance 


Better Performance 
Better Performance 


* Primary pins are pin-to-pin; Secondary/optional pins are not 


Commercial Linear Product Cross Reference (continuea) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


CLC404AJNP HFA1100IP Better Performance 
CLC404ALC HFA1100Y Die 

CLC406A8D HFA1100MJ/883 Better Performance 
CLC406AID HFA1100IJ Better Performance 
CLC406AJE HFA11001B Better Performance 
CLC406AJP HFA1100IP Better Performance 
CLC406ALC HFA1100Y Die 

CLC409A8D HFA1100MJ/883 Better Performance 
CLC409AID HFA11001J 
CLC409AJE HFA11001B 
CLC409AJP HFA1100IP 
CLC409ALC HFA1100Y 


Better Performance 


Better Performance 
Better Performance 
Better Performance 


CLC410A8D HFA1120MJ/883 CLC Has Enable =z 
CLC410AID HFA11201J CLC Has Enable ze 
CLC410AJE HFA11201B CLC Has Enable cs 
CLC410AJP HFA11201P CLC Has Enable aS 
CLC410ALC HFA1120Y CLC Has Enable Ou 


CLC420A8D 
CLC420AID 
CLC420AJE 
CLC420AJP 
CLC420AJP 
CLC420AJP 
CLC420B8D 
CLC420BID 
CLC420BJE 
CLC420BJP 
CLC420BJP 


HFA7-0002/883 
HFA7-0002-9 
HFA9P0002-9 
HFA3-0001-5 
HFA3-0002-9 
HFA3-0005-5 
HFA7-0002/883 
HFA7-0002-9 
HFA9P0002-9 
HFA3-0001-5 
HFA3-0002-9 


Use HFA For Gains >10 
Use HFA For Gains >10 
Use HFA For Gains >10 


Use HFA For Gains >10 


Use HFA For Gains >10 
Use HFA For Gains >10 
Use HFA For Gains >10 


Use HFA For Gains >10 


CLCO424A8D HFA7-0002/883 Use HFA For Gains >10 
CLC424AID HFA7-0002-9 Use HFA For Gains >10 
CLO424AJE HFA9P0002-9 Use HFA For Gains >10 
CLC424AJP HFA3-0001-5 


CLC424AJP 
CLC424AJNP 
CLC430 
CLC430AID 
CLC430AJE 
CLC430AJP 
CLC501A8D 
CLC501AID 
CLC501AJE 
CLC501AJP 
CLC502A8D 
CLC502AID 
CLC502AJE 
CLCS502AJP 
EHA1-2539-2 


HFA3-0002-9 
HFA3-0005-5 
HA-5020 
HA7-5020-9 
HA9P5020-9 
HA3-5020-9 
HFA1130MJ/883 
HFA11301J 
HFA11301B 
HFA11301P 
HFA1130MJ/883 
HFA11301J 
HFA11301B 
HFA1130IP 
HA1-2539-2 


Use HFA For Gains >10 


Enhanced AC and Video Performance 
Better AC Performance 
Better AC Performance 
Better AC Performance 


Better Performance 
Better Performance 
Better Performance 
Better Performance 


Better Performance 
Better Performance 
Better Performance 
Better Performance 


* Primary pins are pin-to-pin; Secondary/optional pins are not 


Commercial Linear Product Cross Reference (continuea) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
Yes 


EHA1-2539-5 HA1-2539-5 


EHA1-2539-5 HA1-2839-5 Yes Lower Cost 
EHA1-2539/883B HA1-2839/883 Lower Cost 
EHA1-2540-2 HA1-2540-2 


EHA1-2540-5 HA1-2540-5 


EHA1-2540-5 HA1-2840-5 Lower Cost 
EHA1-2540/883 HA1-2840/883 Lower Cost 
EHA1-5190-2 HA1-5190-2 
EHA1-5195-5 HA1-5195-5 
EHA2-2500-2 HA2-2500-2 
EHA2-2502-2 HA2-2502-2 
EHA2-2505-5 HA2-2505-5 
EHA2-2510-2 HA2-2510-2 


EHA2-2512-2 
EHA2-2515-5 
EHA2-2520-2 
EHA2-2522-2 
EHA2-2525-5 
EHA2-2600-2 
EHA2-2602-2 
EHA2-2605-5 
EHA2-2620-2 
EHA2-2622-2 
EHA2-2625-5 
EHA2-5190-2 
EHA2-5195-5 
EHA3-2539-5 
EHA3-2539-5 
EHA3-2540-5 
EHA3-2540-5 
EHA7-2500-2 
EHA7-2502-2 
EHA7-2505-5 
EHA7-2510-2 
EHA7-2512-2 
EHA7-2515-5 
EHA7-2520-2 
EHA7-2522-2 
EHA7-2525-5 
EHA7-2600-2 
EHA7-2602-2 
EHA7-2605-5 
EHA7-2620-2 
EHA7-2622-2 
EHA7-2625-5 
EL2003CH 

EL2003CJ 


HA2-2512-2 
HA2-2515-5 
HA2-2520-2 
HA2-2522-2 
HA2-2525-5 
HA2-2600-2 
HA2-2602-2 
HA2-2605-5 
HA2-2620-2 
HA2-2622-2 
HA2-2625-5 
HA2-5190-2 
HA2-5195-5 
HA3-2539-5 
HA3-2839-5 
HA3B2840-5 
HA3-2540-5 
HA7-2500-2 
HA7-2502-2 
HA7-2505-5 
HA7-2510-2 
HA7-2512-2 
HA7-2515-5 
HA7-2520-2 
HA7-2522-2 
HA7-2525-5 
HA7-2600-2 
HA7-2602-2 
HA7-2605-5 
HA7-2620-2 
HA7-2622-2 
HA7-2625-5 
HA2-5002-5 
HA7-5002-5 


Substitute HA2-2529-2 
Substitute HA2-2529-2 
Substitute HA2-2529-5 


Lower Cost 
Lower Cost 


Greater Slew Rate/Reduced Icc 
Greater Slew Rate/Reduced Icc 


* Primary pins are pin-to-pin; Secondary/optional pins are not 


Commercial Linear Product Cross Reference (Continued) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


EL2003CN HA3-5002-5 Greater Slew Rate/Reduced Icc 
EL2003CPL HA9P5002-9 Greater Slew Rate/Reduced Icc 
EL2003H HA2-5002-2 Greater Slew Rate/Reduced Icc 
EL2003J HA7-5002-2 Greater Slew Rate/Reduced Icc 
EL2005CG HA2-5033-5 Greater Bandwidth 
EL2005G HA2-5033-2 Greater Bandwidth 


EL2020CJ HA7-5020-5 Better Performance 

EL2020CM HA9P5020-5 Enhanced ACs and DCs/Lower Cost 
EL2020CN HA3-5020-5 Better Performance 

EL2020J HA7-5020/883 Enhanced ACs and DCs/Lower Cost 
EL2020J/883B HA7-5020/883 Better Performance 

EL2030CJ HA7-5020-5 Enhanced DCs/Lower Cost 


EL2030CN HA3-5020-5 Disable Feature z 
EL2030J/883B HA7-5020/883 Enhanced DCs/Lower Cost a = 
EL2033CJ HA7-5002-5 Greater Slew Rate/Reduced Icc a = 
EL2033CN HA3-5002-5 Greater Slew Rate/Reduced Icc - 3 
EL2033J HA7-5002-2 Greater Slew Rate/Reduced lec oe 


EL2039CJ HA1-2839-5 Lower Cost 
EL2039CN HA3-2839-5 Lower Cost 
EL2039J HA1-2839/883 Enhanced ACs/Lower Power/Lower Cost 
EL2039J/883 HA1-2839/883 Lower Cost 
EL2040CJ HA1-2840-5 Lower Cost 
EL2040CN HA3B2840-5 Lower Cost 
EL2040J HA1-2840/883 Enhanced ACs/Lower Power/Lower Cost 
EL2040J/883 HA1-2840/883 Lower Cost 


EL2041CG 
EL2041CJ 
EL2041G 
EL2041J 
EL2044CN 
EL2044CN 
EL2044CS 
EL2070CN 


HA2-2541-5 
HA1-2841-5 
HA2-284 1/883 
HA1-284 1/883 
HA3-2841-5 
HA3-2841-5 
HA9P2841-5 
HFA1120IP 


Enhanced ACs/Lower Power/Lower Cost 
Enhanced ACs/Lower Power/Lower Cost 
Enhanced ACs/Lower Power/Lower Cost 
Enhanced ACs/Lower Power/Lower Cost 
Low Power 


Better Performance 


EL2070CS HFA11201B Better Performance 
EL2070J/883B HFA1120MJ/883 Better Performance 
EL2071CN HFA1100/P Better Performance 


HFA11201B 

HFA1120MJ/883 
HFA11101P 

HFA11101B 

HFA1110MJ/883 
HFA3-0005-5 
HFA9P0005-5 
HFA7-0005/883 
HFA3-0005-5 
HFA9P0005-5 
HFA7-0005/883 


EL2071CS 
EL2071J/883B 
EL2072CN 
EL2072CS 
EL2072J/883B 
EL2073CN 
EL2073CS 
EL2073J/883B 
EL2074CN 
EL2074CS 
EL2074J/883B 


Better Performance 
Better Performance 


Better Performance 
Better Performance 


Better Performance 


* Primary pins are pin-to-pin; Secondary/optional pins are not 


Commercial Linear Product Cross Reference (continuea) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


EL2075CN HFA3-0002-5 
EL2075CS HFAQP0002-5 
EL2075J/883B HFA7-0002/883 
EL2120CN HA3-5020-5 
EL2120CS HA9P5020-5 
EL2130CN HFA11001P 
EL2130CS HFA11001B 
EL2171CN HFA1100IP 
EL2171CS HFA11001B 
EL2171J/883B HFA11001J/883 
EL2190G HA2-5190-2 
EL2190J HA1-5190-2 
EL2195CG HA2-5195-5 
EL2195CJ HA1-5195-5 
EL400CN HFA11201P 
EL400CS HFA11201B 
EL400J/883B HFA1120MJ/883 
ELH0032CG HA2-2542-5 
ELH0032G HA2-2542-2 
ELHO033CG HA2-5033-5 
ELHO033G HA2-5033-2 
HOS050 HA2-2542-2 
HOSO50A HA2-2542-2 
HOS050C HA2-2542-2 
HOS-100AH HA2-5033-2 


Lower Power 


Lower Power 

Better Performance 
Better Performance 
Better Performance 
Better Performance 
Better Performance 


Better Performance 


Better Performance 
Better Performance 


Greater Bandwidth 
Greater Bandwidth 
Lower Cost 


Lower Cost 


Lower Cost 
Greater Bandwidth/Lower Cost 


HOS-100SH HA2-5033-2 Greater Bandwidth/Lower Cost 
ICL7611ACPA ICL7611ACPA 
ICL7611ACTV ICL7611ACTV 
ICL7611AMTV ICL7611AMTV 
ICL7611BCPA ICL7611BCPA 


ICL7611BCTV 
ICL7611BMTV 
ICL7611DCPA 


ICL7611BCTV 
ICL7611BMTV 
ICL7611DCPA 


ICL7611DCSA ICL7611DCBA 
ICL7611DCTV ICL7611DCTV 
ICL7611DMTV ICL7611DMTV 
ICL7612ACPA ICL7612ACPA 
ICL7612ACTV ICL7612ACTV 
ICL7612AMTV ICL7612AMTV 


ICL7612BCPA 
ICL7612BCTV 
ICL7612BMTV 


ICL7612BCPA 
ICL7612BCTV 
ICL7612BMTV 


ICL7612DCPA ICL7612DCPA 
ICL7612DCSA ICL7612DCBA 
ICL7612DCTV ICL7612DCTV 


ICL7612DMTV 
ICL7621ACPA 


ICL7612DMTV 
ICL7621ACPA 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
1-20 


Commercial Linear Product Cross Reference (Continued) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


ICL7621ACTV ICL7621ACTV Yes 
ICL7621AMTV ICL7621AMTV 
ICL7621BCPA ICL7621BCPA 
ICL7621BCTV ICL7621BCTV 


Yes 
Yes 
Yes 


ICL7621BMTV ICL7621BMTV Yes 
ICL7621DCPA ICL7621DCPA Yes 
ICL7621DCSA ICL7621DCBA Yes 


ICL7621DCTV 
ICL7621DMTV 
ICL7641CCPD 
ICL7641ECPD 


ICL7621DCTV 
ICL7621DMTV 
ICL7641CCPD 
ICL7641ECPD 


Yes 
Yes 
Yes 
Yes 


ICL7642CCJD ICL7642CCJD Yes 
ICL7642CCPD ICL7642CCPD Yes 
ICL7642CMJD ICL7642CMJD Yes 
ICL7642ECJD ICL7642ECJD Yes 


GENERAL 
INFORMATION 


ICL7642ECPD ICL7642ECPD Yes 

ICL7642EMJD ICL7642EMJD Yes 

ICL7650BCPA-1 ICL7650SCPA-1 Yes Reduced Vio/Ibias 
ICL7650BCPD ICL7650SCPD Yes Reduced Vio/Ibias 
ICL7650BCTV-1 ICL7650SCTV-1 Yes Reduced Vio/Ibias 

ICM7242IPA ICM7242iIPA Yes 

ICM7555CD ICM7555CBA Yes 

ICM7555CN ICM7555|IPA Yes Wider Operating Voltage Range 


ICM7555|1PA 
ICM7555|PA 
ICM7555ITV 
ICM7555MTV 
ICM7556IPD 
ICM7556MJD 
CA3140E 


Yes 
Yes 


ICM75551N 

ICM75551PA 
ICM7555|TV 
ICM7555MTV 
ICM7556IPD 

ICM7556MJD 
KF351N 


Wider Operating Voltage Range 
Wider Operating Voltage Range 


Yes 
Yes 
Yes 
Yes 
Yes 


Wider Operating Supply Range 
Wider Operating Supply Range 
Reduced Ibias/lio 


KS272ACN CA5260AE Yes Specified @ +5V Supply 
KS272AIN CA5260AE Yes Specified @ +5V Supply 
KS272CN CA5260E Yes Specified @ +5V Supply 


Yes 
Yes 


KS272IN 
KS274CN 


CA5260E 
CA5470E 


Specified @ +5V Supply 
Greater Bandwidth/Spec. @ +5V Supply 


KS274IN CA5470E Yes Greater Bandwidth/Spec. @ +5V Supply 
LF157H CA3130AT Yes Reduced Ibias 

LF198AH HA1-2420-2 (CDIP) No Faster Acquisition 

LF198H HA1-2420-2 (CDIP) No Faster Acquisition 


CA3140M 
CA3140T 
CA3140M 
CA3140E 
CA3140E 
CA3240E 
CA3240E 
CA3130AT 


Reduced Ibias/lio 
Reduced Ibias/lio 
Reduced Ibias/lio 
Reduced Ibias/lio 
Reduced Ibias/lio 
Reduced Ibias/lio 
Reduced Ibias/lio 
Reduced Ibias 


Yes 
Yes 
Yes 
Yes 


LF351D 
LF351H 
LF351M 
LF351N 
LF351P 
LF353N 
LF353P 
LF357AH 


Yes 
Yes 


Yes 
Yes 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (continues) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
Yes 


LF357H CA3130T Reduced Ibias/lio 

LF357M Reduced Ibias/lio 

LF357N Reduced Ibias/lio 

LF398AH Faster Acquisition 

LF398AN Faster Acquisition 

LF398H (CAN) Faster Acquisition 

LF398N Faster Acquisition 

LF400CH Similar ACs 

LF411CD Reduced Ibias/lio 

LF411CH Reduced Ibias/lio 

LF411CN Reduced Ibias/lio 

LF411CP Reduced Ibias/lio 

LF411MH Reduced Ibias/lio 

LF412CD Reduced Ibias/lio 

LF412CN Reduced Ibias/lio 

LF412CP Reduced Ibias/lio 

LHO002CH Enhanced ACs/DCs/Monolithic 
LHOO02CN Enhanced ACs/DCs/Monolithic 
LHO002H Enhanced ACs/DCs/Monolithic 
LHO0022CD Greater Bandwidth/Slew Rate 


CA3130M 
CA3130E 
HA1-2425-5 (CDIP) 
HA3-2425-5 
HA1-2425-5 (CDIP) 
HA3-2425-5 
CA3100T 
CA3140AM 
CA3140AT 
CA3140AE 
CA3140AE 
CA3140AT 
CA3240AE 
CA3140AE 
CA3240AE 
HA2-5002-5 
HA3-5002-5 
HA2-5002-2 
CA3140AE (PDIP) 


LHO022CH CA3140AT Greater Bandwidth/Slew Rate 
LHOO32ACG HA2-2542-S Monolithic/Lower Cost 
LHOO32AG HA2-2542-2 Monolithic/Lower Cost 
LHO0032CG HA2-2542-5 Monolithic/Lower Cost 


LH0032G 
LHO033ACG 
LH0033AG 
LH0033CG 
LHOO33CJ 
LH0033G 
LH0042CD 
LH0042CH 
LH4004CD 
LH4004D 
LH4161CH 
LH4161CJ 
LH4161H 
LH4161J 
LM143H 
LM193H 
LM2901N 
LM2903N 
LM293H 
LM3045J 
LM3046D 
LM3046N 
LM3080AN 


HA2-2542-2 
HA2-5033-5 
HA2-5033-2 
HA2-5033-5 
HA3-5033-5 
HA2-5033-2 
CA3140E (PDIP) 
CA3140T 
HA1-5004-5 
HA1-5004-9 
HA2-2544-5 
HA7-2544-5 
HA2-2544-2 
HA7-2544-2 
HA2-2640-2 
CA3290AT 
CA3290AE 
CA3290AE 
CA3290AT 
CA3045F 
CA3046M 
CA3046E 
CA3080AE 


Monolithic/Lower Cost 
Greater Bandwidth/Monolithic/Lower Cost 
Monolithic/Lower Cost 

Greater Bandwidth/Monolithic/Lower Cost 
Monolithic/Lower Cost 
Monolithic/Lower Cost 

Greater Bandwidth/Slew Rate 
Greater Bandwidth/Slew Rate 
Monolithic/Lower Cost 
Monolithic/Lower Cost 

PDIP Substitute is HA3-2544C-5 


Enhanced ACs 
MOSFET Input 
MOSFET Input 
MOSFET Input 
MOSFET Input 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
Yes 


LM3080N CA3080E 
LM3086J 
LM3086M 
LM3086N 
LM3146M 
LM3146N 


CA3086F 
CA3086M 
CA3086 

CA3146M 
CA3146E 


Enhanced "A" Version Offered 
Enhanced “A" Version Offered 


LM3302N CA3290E/LM3302N 
LM343H HA2-2645-5 Enhanced ACs 
LM393H CA3290AT MOSFET Input 


LM393N 
LM556CN 


CA3290AE 
ICM7556IPD 


MOSFET Input 
CMOS/Reduced Icc 


LM604ACM HA9P2406-5 Enhanced ACs 

LM604ACN HA3-2406-5 Enhanced ACs z 
LM604AMJ HA1-2400-2 Enhanced ACs 22 
LM604CM HA9P2406-5 Enhanced ACs ie 
LM604CN HA3-2406-5 Enhanced ACs as 
LM6118J HA7-5222-9 Lower Vio Ou 
LM6161J HA7-2544-2 Guaranteed Differential Phase/Gain = 
LM6164J HA1-5190-2 Reduced Voltage Noise 

LM6165J HA1-2540-2 Enhanced Slew Rate/Avol 

LM6218AH HA2-5222-9 Lower Vio 


LM6218AJ HA7-5222-9 Lower Vio 


LM6361N HA3-2544C-5 Guaranteed Differential Phase/Gain 
LM6364N HA1-5195-5 Reduced Voltage Noise 
LM6365N HA3-2540C-5 Enhanced Slew Rate/Avol 
LMC555CH ICM7555ITV Reduced Icc/Wider Supply Range 
LMC555CM ICM7555CBA Reduced Icc/Wider Supply 7yRange 
LMC555CN ICM7555|IPA Reduced Icc/Wider Supply Range 
LMC668ACJ ICL7650SIJD Enhanced DCs 
LMC668ACJ-8 ICL7650SIJA-1 Enhanced DCs 
LMC668ACN ICL7650SIPD Enhanced DCs 
LS204AT HA2-5102-2 Reduced Noise Voltage 
LS204CB HA3-5102-5 Reduced Noise Voltage 
LS204CM HA9P-5102-5 Reduced Noise Voltage 
LS204CT HA2-5102-5 Reduced Noise Voltage 
LS204T HA2-5102-2 Reduced Noise Voltage 
LS404CB HA3-5104-5 Reduced Noise Voltage 
~LS404CM HA9P-5104-5. Reduced Noise Voltage 
LS404M HA9P-5104-9 Reduced Noise Voltage 
LS776CB CA3440AE MOS Input 


LS776T 
LT1001CH 
LT1001CJ8 
LT1001MH 
LT1001MJ8 
LT1014ACJ 
LT1014ACJ 


CA3440AT 
HA2-5177-5 
HA7-5177-5 
HA2-5177-2 
HA7-5177-2 
HA1-5134A-5 
HA52341J 


MOS Input 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Reduced Vio/Enhanced ACs 
Lower Cost, Better ACs 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (continua) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


LT1014AMJ HA1-5134A-2 Reduced Vio/Enhanced ACs 
LT1014CJ HA1-5134-5 Reduced Vio/Enhanced ACs 
LT1014CN HA5234IP Lower Cost, Better ACs 
LT1014DN HA5234IP Lower Cost, Better ACs 
LT1014MJ HA1-5134-2 Reduced Vio/Enhanced ACs 
LT1022CH HA2-5160-5 Greater Bandwidth/Slew Rate 
LT1022MH HA2-5160-2 Greater Bandwidth/Slew Rate 
LT1037ACH HA2-5137A-5 Enhanced ACs/Reduced Icc 
LT1037ACJ8 HA7-5137A-5 Enhanced ACs/Reduced Icc 
LT1037AMH HA2-5137A-2 Enhanced ACs/Reduced Icc 
LT1037AMJ8 HA7-5137A-2 Enhanced ACs/Reduced Icc 
LT1037CH HA2-5137-5 Enhanced ACs/Reduced Icc 
LT1037CJ8 HA7-5137-5 Enhanced ACs/Reduced Icc 
LT1037MH HA2-5137-2 Enhanced ACs/Reduced Icc 
LT1037MJ8 HA7-5137-2 Enhanced ACs/Reduced Icc 
LT1126ACN8 HA3-5222-5 
LT1126AMJ8 HA7-5222/883 
LT1126CJ8 HA7-5222-5 
LT1126CN8 HA3-5222-5 
LT1126MJ8 HA7-5222/883 
LT1190CJ8 HFA7-0005-5 
LT1190CN8 HFA3-0005-5 
LT1190CS8 HFA9P0005-5 
LT1190MJ8 HFA7-0005/883 
LT1191CJ8 HFA7-0005-5 
LT1191CN8 HFA3-0005-5 
LT1191CS8 HFA9P0005-5 
LT1191MJ8 HFA7-0005/883 
LT1192CJ8 HFA7-0002-5 
LT1192CN8 HFA3-0002-5 
LT1192CS8 HFA9P0002-5 
LT1192MJ8 HFA7-0002/883 
LT1220CN8 HA3-2841-5 
LT1221CN8 HA3-2841-5 
LT1221MJ8 HA7-284 1/883 
LT1222CJ8 HA7-2840-5 
LT1222CN8 HA3-2840-5 
LT1222MJ8 HA7-2840/883 
LT1223CJ8 HA7-5020-5 
LT1223CJ8 HA7-5020-5 
LT1223CN8 HA3-5020-5 
LT1223CN8 HA3-5020-5 
LT1223CS8 HA9P5020-5 
LT1223CS8 HA9P5020-5 
LT1223MJ8 HA7-5020/883 
LT1223MJ8 HA7-5020/883 
LT1224CN8 HA3-2841-5 


Much Wider Bandwidth 
Much Wider Bandwidth 
Much Wider Bandwidth 
Much Wider Bandwidth 
Much Wider Bandwidth 
Much Wider Bandwidth 
Much Wider Bandwidth 
Much Wider Bandwidth 
For Gains >10 

For Gains >10 

For Gains >10 

For Gains >10 


Better Video Specifications 
Enhanced ACs and Video Performance 
Better Video Specifications 
Enhanced ACs and Video Performance 
Enhanced ACs and Video Performance 
Better Video Specifications 
Better Video Specifications 
Enhanced ACs and Video Performance 
Better Video Specifications 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (continued) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


LT1224CS8 HA9P2841-5 Better Video Specifications 


LT1224MJ8 HA7-284 1/883 Better Video Specifications 
LT1225CN8 HA3-2841-5 For Gains > 5 

LT1225CS8 HA9P2841-5 For Gains > 5 

LT1225MJ8 HA7-284 1/883 For Gains > 5 

LT1226CJ8 HA7-2840-5 For Gains > 25 
LT1226CN8 HA3-2840-5 For Gains > 25 
LT1226CS8 HA9P2840-5 For Gains > 25 


LT1226MJ8 
LT1227CN8 
LT1227CS8 


HA7-2840/883 
HA3-5020-5 
HA9P5020-5 


For Gains > 25 
Lower Cost 
Lower Cost 


LT1227MJ8 HA7-5020/883 Lower Cost 
LTC1050ACH ICL7650SITV-1 Reduced Ibias/lio 
LTC1050ACN8 ICL7650SIPA-1 Reduced Ibias/lio 


LTC1050AMH ICL7650SMTV-1 Reduced Ibias/lio 


GENERAL 
INFORMATION 


LTC1050CH ICL7650SITV-1 Reduced Ibias/lio/Greater Avol 
LTC1050CN8 ICL7650SIPA-1 Reduced Ibias/lio/Greater Avol 
LTC1050CP ICL7650SIPA-1 Reduced Ibias/lio 


LTC1050MH ICL7650SMTV-1 Reduced Ibias/lio/Greater Avol 


MAX460IGC HA2-5033-5 Greater Bandwidth 
MAX460MGC HA2-5033-2 Greater Bandwidth 
MAX9685CJE HFA1-0003L-5 Better Performance 
MAX9685CPE HFA3-0003L-5 Better Performance 


MAX9685CSE 
MAX9685CTW 


HFA9PO003L-5 
HFA2-0003L-5 


Better Performance 


MAX9690CJA HFA1-0003L-5 Better Performance 
MAX9690CPA HFA3-0003-5 Better Performance 
MAX9690CSA HFA9P0003-5 


MC1776CD ICL7611DCBA Lower Power Drain 
MC1776CG ICL7611BCTV Lower Power Drain 
MC1776CP1 ICL7611BCPA Lower Power Drain 
MC1776G ICL7611BMTV Lower Power Drain 
MC3302N CA3290E MOSFET Input 


MC3303D 
MC3303N 
MC33071P 
MC33072P 
MC3346D 


CA5470M 
CA5470E 
CA3140AE 
CA3240AE 
CA3046M 


MOS Input/Enhanced ACs 

FEMOS Input/Enhanced ACs 
Reduced lIbias/lio 

Reduced Ibias/lio 

Full - 55 to 125 Degrees C Operation 


MC3346P CA3046E Full -55 to 125 Degrees C Operation 
MC34001BG CA3140AT Reduced Ibias/lio 
MC34001BP CA3140AE Reduced Ibias/lio 
MC34001G CA3140T Reduced Ibias/lio 
MC34001P CA3140E Reduced Ibias/lio 
MC34002BG CA3240AT Reduced Ibias/lio 
MC34002BP CA3240AE Reduced Ibias/lio 
MC34002G CA3240T Reduced Ibias/lio 


MC34002P CA3240E Reduced Ibias/lio 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (continuea) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
Yes 


MC3403D CA5470M MOS Input/Enhanced ACs 
MC3403N MOS Input/Enhanced ACs 
MC34071P Reduced Ibias/lio 
MC34072P Reduced Ibias/lio 
MC3456L CMOS/Reduced Icc 
MC3456P CMOS/Reduced Icc 
MC3556L CMOS/Reduced Icc 
MC668ACN-8 Enhanced DCs 
NE5230N MOS Input 
NE5517AN Reduced Vio 
NE5517D Reduced Vio 
NE5517N Reduced Vio 

NE5532AFE Enhanced DCs/Reduced Icc 
NE5532AN Enhanced DCs/Reduced Icc 
NE5532FE Enhanced DCs/Reduced Icc 
NE5532N Enhanced DCs/Reduced Icc 
NE5534AFE Enhanced DCs 
NE5534AN Enhanced DCs 
NE5534FE Enhanced DCs 
NE5534N Enhanced DCs 

NE5539D Specified @ +/- 15V Supplies 
NE5539F Specified @ +/- 15V Supplies 
NE5539N Specified @ +/- 15V Supplies 
NE556N CMOS/Reduced Icc 
NE556-1N CMOS/Reduced Icc 
OP11AY Enhanced ACs 
OP11EY Enhanced ACs 
OP11FY Enhanced ACs 
OP160GP 
OP160GS 
OP215GZ 


CA5470E 
CA3140AE 
CA3240AE 
ICM7556MJD 
ICM7556IPD 
ICM7556MJD 
ICL7650SCPA-1 
CA5160AE 
CA3280AE 
CA3280M 
CA3280E 
HA7-5102-5 
HA3-5102-5 
HA7-5102-5 
HA3-5102-5 
HA7-5101-5 
HA3-5101-5 
HA7-5101-5 
HA3-5101-5 
HA9P-2539-5 
HA1-2839-5 
HA3-2839-5 
ICM7556IPD 
ICM7556IPD 
HA1-5134-2 
HA1-5134-5 
HA1-5104-5 
HA3-5020-9 
HA9P5020-5 
CA3240AE (PDIP) 


OP220CJ HA2-5142-2 Enhanced ACs 
OP220CZ HA7-5142-2 Enhanced ACs 
OP220GJ HA2-5142-5 Enhanced ACs 
OP220GZ HA7-5142-5 Enhanced ACs 


OP271AZ 
OP271EZ 
OP271FZ 
OP271GP 
OP271GS 
OP27AH 
OP27AJ 
OP27AJ8 
OP27AZ 
OP27CH 
OP27CJ 
OP27CJ8 


HA7-5102-2 
HA7-5102-5 
HA7-5102-5 
HA3-5102-5 
HA9P-5102-9 
HA2-5127A-2 
HA2-5127A-2 
HA7-5127A-2 
HA7-5127A-2 
HA2-5127-2 
HA2-5127-2 
HA7-5127-2 


Lower Voltage Noise/Greater Bandwidth 
Lower Voltage Noise/Greater Bandwidth 
Lower Voltage Noise/Greater Bandwidth 
Lower Voltage Noise/Greater Bandwidth 
Lower Voltage Noise/Greater Bandwidth 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER. HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


OP27CZ HA7-5127-2 Enhanced ACs/Reduced Icc 


OP27EH HA2-5127A-5 Enhanced ACs/Reduced Icc 
OP27EJ HA2-5127A-5 Enhanced ACs/Reduced Icc 
OP27EJ8 HA7-5127A-5 Enhanced ACs/Reduced Icc 
OP27EZ HA7-5127A-5 Enhanced ACs/Reduced Icc 
OP27GH HA2-5127-5 Enhanced ACs/Reduced Icc 


OP27GJ 
OP27GJ8 
OP27GZ 
OP37AH 
OP37AJ 
OP37AJ8 


HA2-5127-5 
HA7-5127-5 
HA7-5127-5 
HA2-5137A-2 
HA2-5137A-2 
HA7-5137A-2 


Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 


OP37AZ HA7-5137A-2 Enhanced ACs/Reduced Icc z 
OP37CH HA2-5137-2 Enhanced ACs/Reduced Icc z 2 
OP37CJ HA2-5137-2 Enhanced ACs/Reduced Icc cs 
OP37CJ8 HA7-5137-2 Enhanced ACs/Reduced Icc aS 
OP37CZ HA7-5137-2 Enhanced ACs/Reduced Icc o = 


OP37EH 
OP37EJ 
OP37EJ8 


HA2-5137A-5 
HA2-5137A-5 
HA7-5137A-5 


Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 


OP37EZ HA7-5137A-5 Enhanced ACs/Reduced Icc 
OP37GH HA2-5137-5 Enhanced ACs/Reduced Icc 
OP37GJ HA2-5137-5 Enhanced ACs/Reduced Icc 


OP37GJ8 
OP37GZ 
OP400AY 
OP400EY 
OP400EY 
OP400FY 
OP400FY 
OP400GP 
OP400GS 
OP400HP 
OP400HS 


HA7-5137-5 
HA7-5137-5 
HA1-5134A-2 
HA1-5134A-5 
HA52341J 
HA1-5134-5 
HA52341J 
HA5234IP 
HA52341B 
HA5234IP 
HA52341B 


Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 


Lower Cost, Better ACs 


Lower Cost, Better ACs 
Lower Cost, Better ACs 
Lower Cost, Better ACs 
Lower Cost, Better ACs 
Lower Cost, Better ACs 


OP41EJ CA3193AT Reduced Vio/Noise Voltage 
OP41FJ CA3193T Reduced Vio/Noise Voltage 
OP41GP CA3193E Reduced Vio/Noise Voltage 


OP420BY 
OP420CY 
OP420HY 
OP470AY 
OP470EY 
OP470FY 
OP470GP 
OP470GS 
OP47AD 
OP47AT 


HA1-5144-2 
HA1-5144-2 
HA1-5144-5 
HA1-5104-2 
HA1-5104-5 
HA1-5104-5 
HA3-5104-5 
HA9P5104-5 
HA7-5147A-2 
HA2-5147A-2 


Enhanced ACs 
Enhanced ACs 
Enhanced ACs 


Greater Bandwidth/Min Acl=10 
Greater Bandwidth/Min Acl=10 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (continued) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


OP47CD HA7-5147-2 Yes Greater Bandwidth/Min Acl=10 


OP47CT HA2-5147-2 Greater Bandwidth/Min Acl=10 
OP47EN HA7-5147A-5 (CDIP) Greater Bandwidth/Min Acl=10 
OP47GN HA7-5147-5 (CDIP) Greater Bandwidth/Min Acl=10 


OP62AJ 
OP62AZ 
OP62EJ 
OP62EZ 
OP62FJ 
OP62FZ 
OP63AJ 
OP63AZ 
OP63EJ 
OP63EZ 
OP63FJ 
OP63FZ 
OP64AJ 
OP64AZ 
OP64EJ 
OP64EZ 
OP64FJ 
OP64FZ 
OP65AJ 
OP65AZ 
OP65EJ 
OP65EZ 
OP65FJ 
OP65FZ 
OP65GP 
OP77BJ 
OP77BZ 
OP77FJ 
OP77FZ 


Greater Slew Rate 
Greater Slew Rate 


HA2-5221-9 
HA7-5221-9 
HA2-5221-9 
HA7-5221-9 
HA2-5221-9 
HA7-5221-9 
HA2-5221-9 
HA7-5221-9 
HA2-5221-9 
HA7-5221-9 
HA2-5221-9 
HA7-5221-9 
HA2-5221-9 
HA7-5221-9 
HA2-5221-9 
HA7-5221-9 
HA2-5221-9 
HA7-5221-9 
HA2-2548-9 
HA7-2548-9 
HA2-2548-9 
HA7-2548-9 
HA2-2548-9 
HA7-2548-9 
CA3450E 
HA2-5177-2 
HA7-5177-2 
HA2-5177-5 
HA7-5177-5 


Greater Slew Raie 
Greater Slew Rate 
Greater Slew Rate 
Greater Slew Rate 
Reduced Vio 
Reduced Vio 
Reduced Vio 
Reduced Vio 
Reduced Vio 
Reduced Vio 
Reduced Vio 
Reduced Vio 
Reduced Vio 
Reduced Vio 
Reduced Vio 
Reduced Vio 
Lower Vio/Guaranteed Ts 
Lower Vio/Guaranteed Ts 


Lower Vio/Guaranteed Ts 
Lower Vio/Guaranteed Ts 
Lower Vio/Guaranteed Ts 
Lower Vio/Guaranteed Ts 
Greater Bandwidth /Slew Rate 
Greater Bandwidth/Reduced Icc 
Greater Bandwidth/Reduced Icc 
Greater Bandwidth/Reduced Icc 
Greater Bandwidth/Reduced Icc 


OP80FJ CA5420AT Single Supply Operation 
OP80GJ CA5420T Single Supply Operation 
OP80GP CA5420E Single Supply Operation 
OPA121KP CA3140AE MOS Input/Enhanced ACs 


OPA2111KM 
OPA2111KP 
OPA27AJ 
OPA27AZ 
OPA27CJ 
OPA27CZ 
OPA27EJ 
OPA27EZ 
OPA27GJ 
OPA27GZ 


HA2-5102-5 
HA3-5102-5 
HA2-5127A-2 
HA7-5127A-2 
HA2-5127-2 
HA7-5127-2 
HA2-5127A-5 
HA7-5127A-5 
HA2-5127-5 
HA7-5127-5 


Greater Bandwidth 
Greater Bandwidth 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (Continued) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


OPA37AJ HA2-5137A-2 Enhanced ACs/Reduced Icc 
OPA37AZ HA7-5137A-2 Enhanced ACs/Reduced Icc 
OPA37CJ HA2-5137-2 Enhanced ACs/Reduced Icc 
OPA37CZ HA7-5137-2 Enhanced ACs/Reduced Icc 


OPAS37EJ HA2-5137A-5 Enhanced ACs/Reduced Icc 
OPA37EZ HA7-5137A-5 Enhanced ACs/Reduced Icc 
OPA37GJ HA2-5137-5 Enhanced ACs/Reduced Icc 
OPA37GZ HA7-5137-5 Enhanced ACs/Reduced Icc 


OPA404AG 
OPA404BG 
OPA404KP 
OPA404KU 


HA1-5114-5 
HA1-5114-5 
HA3-5114-5 
HA9P-5114-5 


Lower Voltage Noise/Enhanced ACs 
Lower Voltage Noise/Enhanced ACs 
Lower Voltage Noise/Enhanced ACs 
Lower Voltage Noise/Enhanced ACs 


OPA404SG HA1-5114-2 Lower Voltage Noise/Enhanced ACs 5 
OPA445AP HA7-2645-5 ac 
OPA445BM HA2-2640-2 cs 
OPA445SM HA2-2640-2 as 
OPA620KG HFA7-0005-5 Enhanced ACs + z 


OPA620KP HFA3-0005-5 Enhanced ACs 
OPA620LG HFA7-0005-5 Enhanced ACs 
OPA620SG HFA7-0005-9 Enhanced ACs 
OPA621KG HFA7-0002-5 Lower Voltage Noise/Temco 
OPA621KP HFA3-0002-5 Lower Voltage Noise/Temco 


OPA621LG 
OPA621SG 
OPA633AH 
OPA633KP 
OPA633SH 
OP-15CH 
OP-15GN8 
RC3403AN 
RC4741D 
RC4741M 
RC5532AN 
RC5532N 
RC5534AN 
RC5534N 
RM5334T 
RM5532AD 
RM5532AT 
RM5532D 
RM5532T 
RM5534AD 
RM5534AT 
RM5534D 

SA5230N 
SA556N 

SA556-1N 


HFA7-0002-5 
HFA7-0002-9 
HA2-5033-2 
HA3-5033-5 
HA2-5033-5 
CA3140AT 
CA3140AE 
CA5470E 
HA1-4741-2 
HAQP-4741-5 
HA3-5102-5 
HA3-5102-5 
HA3-5101-5 
HA3-5101-5 
HA2-5101-2 
HA7-5102-2 
HA2-5102-2 
HA7-5102-2 
HA2-5102-2 
HA7-5101-2 
HA2-5101-2 
HA7-5101-2 
CA5160AE 
ICM7556IPD 
ICM7556IPD 


Lower Voltage Noise/Temco 
Lower Voltage Noise/Temco 


Reduced Ibias/lio 
Reduced Ibias/lio 
MOS Input/Enhanced ACs 
Guaranteed ACs 
Guaranteed ACs 

Enhanced DCs/Reduced Icc 
Enhanced DCs/Reduced Icc 
Enhanced DCs/Reduced Icc 
Enhanced DCs/Reduced Icc 
Reduced Icc 
Reduced Icc 
Reduced Icc 
Reduced Icc 
Reduced Icc 
Reduced Icc 
Reduced Icc 
Reduced Icc 
MOS Input 
CMOS/Reduced Icc 
CMOS/Reduced Icc 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference continued) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


SE5532AFE HA7-5102-2 Reduced Icc 
SE5532FE HA7-5102-2 Reduced Icc 
SE5534AFE HA7-5101-2 Reduced Ibias/lio 

SE5534FE HA7-5101-2 Reduced Ibias/lio 

SE5539F HA1-2539-2 Specified @ +/- 15V Supplies 
SE556F ICM7556MJD CMOS/Reduced Icc 
SE556-1CN ICM7556MJD CMOS/Reduced Icc 
SE556-1F ICM7556MJD CMOS/Reduced Icc 
SG1536T HA2-2640-2 Reduced Vio/Enhanced ACs 
SG1536Y HA7-2640-2 Reduced Vio/Enhanced ACs 
SG3045J CA3045F 
SG3049T CA3049T 
SG3083 CA3083 
$G3183D CA3183M 
SG3183N CA3183E 
SHC5320KH HA1-5320-5 
SHC5320SH HA1-5320-2 
SHC85 HA1-2425-5 
SHC85ET HA1-2420-2 
SHM-20C HA1-5320-5 
SHM-20M HA1-5320-2 
SHN-IC-1 HA1-2425-5 
SHM-IC-1M HA1-2420-2 
SL3045C-DG CA3045F 
SL3046C-DP CA3046E 
$L3127C-DC CA3127F 
$L3127C-DP CA3127E 
$L3145C-DC CA3045F 
SL3145C-DP CA3046E 
SL3227-DP CA3227E 
SL3227-MP CA3227M 
SL3245-DP CA3246E 
SL3245-MP CA3246M 
SL6310C-DP CA3094E 
SMP10AY HA1-2420-2 
SMP10BY HA1-2420-2 
SMP10EY HA1-2425-5 
SMP10FY HA1-2425-5 
SMP11AY HA1-2420-2 
SMP11BY HA1-2420-2 
SMP11EY HA1-2425-5 
SMP11FY HA1-2425-5 
SP 1-2541-2 HA1-2541-2 
SP1-2541-5 HA1-2541-5 
SP1-2542-2 HA1-2542-2 
SP 1-2542-5 HA1-2542-5 
SP 1-5330-2 HA1-5330-2 


Greater Bandwidth/Reduced Noise 


Identical Specs @ 25 degrees C 


Identical Specs @ 25 degrees C 


Enhanced ACs 
Enhanced ACs 

Guaranteed Acquisition Time 
Guaranteed Acquisition Time 
Almost Identical 


Almost Identical 


SOIC Version Available 


Greater Breakdown Voltages 
Greater Breakdown Voltages 


Greater Breakdown Voltages 


Greater Breakdown Voltages 
Programmable Biasing Current 


Faster Acquisition/Lower Droop 
Faster Acquisition/Lower Droop 


Faster Acquisition/Lower Droop 
Faster Acquisition/Lower Droop 


Faster Acquisition/Lower Droop 


Faster Acquisition/Lower Droop 


Faster Acquisition/Lower Droop 


Faster Acquisition/Lower Droop 


* 


* 


* Primary pins are pin-to-pin; Secondary/optional pins are not 


1-30 


Commercial Linear Product Cross Reference continued 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


SP 1-5330-5 HA1-5330-5 
SP2-2500-2 HA2-2500-2 
SP2-2502-2 HA2-2502-2 
SP2-2505-5 HA2-2505-5 
SP2-2510-2 HA2-2510-2 


SP2-2512-2 HA2-2512-2 
SP2-2515-5 HA2-2515-5 
SP2-2520-2 HA2-2520-2 Substitute HA2-2529-2 
SP2-2522-2 HA2-2522-2 Substitute HA2-2529-2 
SP2-2525-5 HA2-2525-5 Substitute HA2-2529-5 
SP2-2541-2 HA2-2541-2 


SP2-2541-5 HA2-2541-5 


SP2-2542-2 HA2-2542-2 z 
SP2-2542-5 HA2-2542-5 22 
SP2-2600-2 HA2-2600-2 cs 
SP2-2602-2 HA2-2602-2 aS 
SP2-2605-5 HA2-2605-5 Ou 


SP2-2620-2 
SP2-2622-2 
SP2-2625-5 
SP3-2505-5 
SP3-2515-5 
SP3-2525-5 
SP3-2542-5 
SP3-2605-5 
SP3-2625-5 
SP7-2500-2 
SP7-2502-2 
SP7-2505-5 
SP7-2510-2 
SP7-2512-2 
SP7-2515-5 
SP7-2520-2 
SP7-2522-2 
SP7-2525-5 
SP7-2600-2 
SP7-2602-2 
SP7-2605-5 
SP7-2620-2 
SP7-2622-2 
SP7-2625-5 
TA75393P 
TA75557F 
TA75557P 
TA75559F 
TA75559P 

TCA520BN 


HA2-2620-2 
HA2-2622-2 
HA2-2625-5 
HA3-2505-5 
HA3-2515-5 
HA3-2525-5 
HA3B2842-5 
HA3-2605-5 
HA3-2625-5 
HA7-2500-2 
HA7-2502-2 
HA7-2505-5 
HA7-2510-2 
HA7-2512-2 
HA7-2515-5 
HA7-2520-2 
HA7-2522-2 
HA7-2525-5 
HA7-2600-2 
HA7-2602-2 
HA7-2605-5 
HA7-2620-2 
HA7-2622-2 
HA7-2625-5 
CA3290AE/CA3290E 
HA9P5102-9 
HA3-5102-5 
HA9P5112-9 
HA3-5112-5 
CA5130AE 


Substitute HA3-2529-5 


Substitute HA7-2529-2 
Substitute HA7-2529-2 
Substitute HA7-2529-5 


Reduced Ibias/lio/icc 
Greater Bandwidth/Reduced Vnoise 
Greater Bandwidth/Reduced Vnoise 
Greater Bandwidth/Reduced Vnoise 
Greater Bandwidth/Reduced Vnoise 
MOS Input/Enhanced ACs 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (continued) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


TCA5S20TD CA5130M MOS Input/Enhanced ACs 
TCA971 CA3146AE/CA3046E Greater Vcbo With CA3146 
TCA971G CA3146AM/CA3046M Greater Vcbo With CA3146 


TCA991 CA3146E/CA3046E Greater Vcbo With CA3146 
TCA991G CA3146M/CA3046M Greater Vcbo With CA3146 
TD62507F CA3183AM Alt. Product Is CA3083 


TD62507P 
TDB2046DP 
TDB2046FP 
TLC251ACP 


CA3183AE 
CA3046E 
CA3046M 
CA3440AE 


Alt. Product Ils CA3083 
Full -55 to 125 Degrees C Operation 
Full -55 to 125 Degrees C Operation 


TLC251CP CA3440E 
TLCO252ACD CA5260AM Specified @ +5V Supply 
TLC252ACP CA5260AE Specified @ +5V Supply 


TLC252CD 
TLCO252CP 
TLO254CD 
TLC254CN 
TLC272ACD 
TLC272ACP 
TLC272AID 
TLC272AIP 
TLC272CD 
TLC272CP 
TLC2721D 
TLC272IP 
TLC272MJG 
TLC274CD 

TLC274CN 
TLC2741D 


CA5260M 
CA5260E 
CA5470M 
CA5470E 
CA5260AM 
CA5260AE 
CA5260AM 
CA5260AE 
CA5260M 
CA5260E 
CA5260M 
CA5260E 
CA5260E (PDIP) 
CA5470M 

CA5470E 

CA5470M 


Specified @ +5V Supply 
Specified @ +5V Supply 
Specified @ +5V Supply 
Specified @ +5V Supply 
Greater Vout Range/Reduced Icc 
Greater Vout Range/Reduced Icc 
Greater Vout Range/Reduced Icc 
Greater Vout Range/Reduced Icc 
Greater Vout Range/Reduced Icc 
Greater Vout Range/Reduced Icc 
Greater Vout Range/Reduced Icc 


Greater Vout Range/Reduced Icc 
Greater Vout Range/Reduced Icc 
Greater Vout/Bandwidth/Slew Rate 
Greater Vout/Bandwidth/Slew Rate 
Greater Vout/Bandwidth/Slew Rate 


TLC274IN CA5470E Greater Vout/Bandwidth/Slew Rate 
TLC274MJ CA5470E (PDIP) Greater Vout/Bandwidth/Slew Rate 
TLC27M2ACD CA5260AM Greater Vout/Bandwidth/Slew Rate 


TLC27M2ACP 
TLC27M2AID 
TLC27M2AIP 
TLC27M2CD 
TLC27M2CP 
TLC27M2!D 
TLC27M2IP 
TLC27M2MJG 
TLC555CD 

TLCS5551P 
TLC556CN 
TLCOS56IN 
TLCOS556MJ 
TP1321 
TP1322 


CA5260AE 
CA5260AM 
CA5260AE 
CA5260M 
CA5260E 
CA5260M 
CA5260E 
CA5260E (PDIP) 
ICM7555CBA 
ICM75551PA 
ICM7556IPD 
ICM7556IPD 
ICM7556MJD 
HA-5195 
HA-2520 


Greater Vout/Bandwidth/Slew Rate 
Greater Vout/Bandwidth/Slew Rate 
Greater Vout/Bandwidth/Slew Rate 
Greater Vout/Bandwidth/Slew Rate 
Greater Vout/Bandwidth/Slew Rate 
Greater Vout/Bandwidth/Slew Rate 
Greater Vout/Bandwidth/Slew Rate 
Greater Vout/Bandwidth/Slew Rate 
Reduced Icc 
Reduced Icc 
Reduced Icc 
Reduced Icc 
Reduced Icc 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Commercial Linear Product Cross Reference (continues) 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
Yes 


TP1326 HA-2600 


TP1332 
TP1339 
TP1341 
TP1342 
TP1344 
TP1345 
TP4856 
TP4866 
TSC7650ACPA 
TSC7650ACPD 
TSC7650AIJA 


TSC7650AIJD ICL7650SIJD Reduced Tempco/Voltage Noise = 
UCOPO1CN CA3140AE MOSFET Input 22 
UCOPO1GJ CA3140AE (PDIP) MOSFET Input cs 
ULN2046A-1 CA3146E Full -40 to 85 Degree C Operation rif 
ULN2046L-1 CA3146M o z 


ULN2083A 
ULN2083A-1 
ULN2083L 
ULN2086A 
uPA103G 
uPC357C 
uPC4741C 
uPC4741G2 
uPD5555C 
uPD5556C 
XR-13600AP 
XR-13600CP 
XR-2242CP 
XR-3403CP 
XR-4739CN 
XR-4739CP 
XR-4741CN 
XR-4741CP 
XR-4741M 
XR-5532AN 
XR-5532AP 
XR-5532N 
XR-5532P 
XR-5534ACN 
XR-5534ACP 
XR-5534AM 
XR-5534CN 
XR-5534CP 
XR-5534M 
XR-8038CN 


HA-2645 
HA-2620 
HA-2840 
HA-2839 
HA-5160 
HA-5162 
HA1-2420/25 
HA1-5320 
ICL7650SCPA-1 
ICL7650SCPD 
ICL7650SIJA-1 


CA3083 
CA3183E 
CA3083M 
CA3086 
HFA3046B 
CA3130E 
HA3-4741-5 
HA9P4741-5 
ICM7555CPA 
ICM7556CPD 
CA3280AE 
CA3280E 
ICM7242IPA 
CA5470E 
HA7-5102-5 
HA3-5102-5 
HA1-4741-5 
HA3-4741-5 
HA1-4741-2 
HA7-5102-5 
HA3-5102-5 
HA7-5102-5 
HA3-5102-5 
HA7-5101-5 
HA3-5101-5 
HA7-5101-2 
HA7-5101-5 
HA3-5101-5 
HA7-5101-2 
ICL8038CCJD 


* Primary pins are pin-to-pin; Secondary/optional pins are not 


Guaranteed Acquisition Time 
Guaranteed Acquisition Time 
Reduced Tempco/Voltage Noise 
Reduced Tempco/Voltage Noise 
Reduced Tempco/Voltage Noise 


Full -55 to 125 Degree C Operation 
Full -40 to 85 Degree C Operation 
Full -55 to 125 Degree C Operation 
Full -55 to 125 Degree C Operation 
Lower Cost 

Reduced Ibias 

Guaranteed Specs Over Temp 
Guaranteed Specs Over Temp 
Reduced Icc 

Reduced Icc 

Reduced Vio/Enhanced ACs 
Reduced Vio/Enhanced ACs 
Greatly Reduced Icc 

MOS Input/Enhanced ACs 
Enhanced ACs/DCs 

Enhanced ACs/DCs 

Guaranteed Channel Separation 
Guaranteed Channel Separation 
Guaranteed Channel Separation 
Reduced Vio/Ibias 

Reduced Vio/Ibias 

Reduced Vio/Ibias 

Reduced Vio/Ibias 

Greater Avol/Reduced Vio 

Greater Avol/Reduced Vio 

Greater Avol 

Greater Avol/Reduced Vio 

Greater Avol/Reduced Vio 

Greater Avol 


Commercial Linear Product Cross Reference (continued 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 


ICL8038CCPD Yes 
ICL8038AMJD Yes 
ICL8038BCJD Yes 


APPLICATION-SPECIFIC PRODUCTS FOR TELECOMMUNICATION APPLICATIONS 


M3493 CD22M3493 
M093 CD22M3493 
MT8812 CD22M3493 
78A093A CD22M3493 
M3494 CD22M3494 
MT8816 CD22M3494 
TP5089 CD22859 
MJ1440 HC5560 
MJ1471 HC5560 
TCM2201 HC5560 
MC145439 HC5560 
MC 142100 CD22100 
MC142101 CD22101 
MC142103 CD33103 
MJ1471 CD22103 
75T202 CD22202 
757203 CD22203 
75T204 CD22204 
MC145436 CD22204 
TP3054 CD22354A 
TP3054B CD22354A 
ETC5054 CD22354A 
TP3057 CD22357A 
TP3057B CD22357A 
ETC3057 CD22357A 


ta) FIARRIS 


SEMICONDUCTOR 


* Primary pins are pin-to-pin; Secondary/optional pins are not 
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Data Acquisition Products 


A/D CONVERTERS DISPLAY 
CA3162/CA3162A A/D Converter for 3'/>-Digit Display 
ICL71CO3/ICL8052_~—~ Precision 4'/,-Digit A/D Converter 


ICL71CO3/ICL8068 ‘Precision 4'/>-Digit A/D Converter 


ICL7106 3'/>-Digit LCD Single-Chip A/D Converter 

ICL7107 3'/>-Digit LED Single-Chip A/D Converter 

ICL7116/7117 3'/>-Digit with Display Hold Single-Chip A/D Converter 

ICL7126 3'/,-Digit Low Power Single-Chip A/D Converter 

ICL7129 4'/,-Digit LCD Single-Chip A/D Converter 

ICL7136 3'/>-Digit LCD Low Power A/D Converter 

ICL7137 3'/,-Digit LED Low Power Single-Chip A/D Converter 

ICL7139 3%/,-Digit Autoranging Multimeter > 
ICL7149 Low Cost 3°/,-Digit Autoranging Multimeter = = 
HI-7166/7167 Improved 3/5 Digit LCD/LED Single Chip A/D Converters ui 
A/D CONVERTERS INTEGRATING of 
HI-7159 Microprocessor-Compatible 5'/>-Digit A/D Converter = 


ICL7104/ICL8052 14/16-Bit uP-Compatible 2-Chip A/D Converter 
ICL7104/ICL8068 14/16-Bit uP-Compatible 2-Chip A/D Converter 


ICL7109 12-Bit uP-Compatible A/D Converter 

ICL7135 4'/,-Digit BCD Output A/D Converter 

A/D SUCCESSIVE APPROXIMATION 

ADC0802/3/4 8-Bit uP-Compatible A/D Converter 

CA3310/CA3310A |= CMOS 10-Bit A/D Converter with Internal Track and Hold 

HI-574A Fast, Complete 12-Bit A/D Converter with Microprocessor Interface 
HI5812 Low Power, Sampling 12-Bit A/D Converter 

HI-674A l2us, Complete 12-Bit A/D Converter with Microprocessor Interface 
HI-774 8us Complete 12-Bit A/D Converter with Microprocessor Interface 
HI-7153 8-Channel 10-Bit High-Speed A/D Converter with Track and Hold 
A/D CONVERTERS FLASH 

CA3304 CMOS Video-Speed 4-Bit Flash A/D Converter 

CA3306 CMOS Video-Speed 6-Bit Flash A/D Converter 

CA3318 CMOS Video-Speed 8-Bit Flash A/D Converter 

HI-5700 8-Bit, 2OMSPS Flash A/D Converter 

HI-5701 6-Bit, 30MSPS Flash A/D Converter 

HI-5800 12-Bit, 3MSPS Sampling A/D Converter 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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Data Acquisition Products (continuea) 


D/A CONVERTERS 

AD7520 10/12-Bit Multiplying DIA Converter 

AD7521 10/12-Bit Multiplying DIA Converter 

AD7530 10/12-Bit Multiplying DIA Converter 

AD7531 10/12-Bit Multiplying D1A Converter 

AD7523 8-Bit Multiplying D/A Converter 

AD7533 10-Bit Multiplying D/A Converter 

AD7541 12-Bit Multiplying D/A Converter 

AD7545 12-Bit Buffered Multiplying CMOS DAC 

CA3338 CMOS Video-Speed 8-Bit R-2R D/A Converter 
HI-565A High-Speed Monolithic D/A Converter with Reference 
HI-DAC80V 12-Bit, Low Cost, Monolithic D/A Converter 
HI-DAC85V 12-Bit, Low Cost, Monolithic D/A Converter 
ANALOG SWITCHES 

‘DG200 Dual SPST CMOS Analog Switch 

DG201 Quad SPST CMOS Analog Switch 

DG201A Quad Monolithic SPST CMOS Analog Switch 
DG202 Quad Monolithic SPST CMOS Analog Switch 
DG211 Quad Monolithic SPST CMOS Analog Switch 
DG212 Quad Monolithic SPST CMOS Analog Switch 
DG300A Dual SPST TTL Compatible CMOS Analog Switch 
DG301A SPDT TTL Compatible CMOS Analog Switch 
DG302A Dual DPST TTL Compatible CMOS Analog Switch 
DG303A Dual SPDT TTL Compatible CMOS Analog Switch 
DG308A Quad Monolithic SPST CMOS Analog Switch 
DG309 Quad Monolithic SPST CMOS Analog Switch 
DG401/403/405 Dual CMOS Analog Switches 

DG411/412/413 Quad SPST CMOS Analog Switches 

DG441/442 Quad SPST CMOS Analog Switches 

HI-200 Dual SPST CMOS Analog Switch 

HI-201 Quad SPST CMOS Analog Switch 

HI-201HS High-Speed Quad SPST CMOS Analog Switch 
HI-222 High Frequency Video Switch 

HI-300 Dual SPST CMOS Analog Switch 

HI-301 SPDT CMOS Analog Switch 

HI-302 Dual DPST CMOS Analog Switch 

HI-303 Dual SPDT CMOS Analog Switch 

HI-304 Dual SPST CMOS Analog Switch 

HI-305 SPDT CMOS Analog Switch 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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Data Acquisition Products (continuea) 


ANALOG SWITCHES (Continued) 


HI-306 Dual DPST CMOS Analog Switch 

HI-307 Dual SPDT CMOS Analog Switch 

HI-381 Dual SPST CMOS Analog Switch 

HI-384 Dual DPST CMOS Analog Switch 

HI-387 SPDT CMOS Analog Switch 

HI-390 Dual SPDT CMOS Analog Switch 

HI-5040 SPST CMOS Analog Switch 

HI-5041 Dual SPST CMOS Analog Switch 

HI-5042 SPDT CMOS Analog Switch 

HI-5043 Dual SPDT CMOS Analog Switch 

HI-5044 DPST CMOS Analog Switch = 
HI-5045 Dual DPST CMOS Analog Switch 22 
HI-5046 DPDT CMOS Analog Switch cs 
HI-5046A DPDT CMOS Analog Switch rm 5 
HI-5047 4PST CMOS Analog Switch x 
HI-5047A 4PST CMOS Analog Switch 

HI-5048 Dual SPST CMOS Analog Switch 

HI-5049 Dual DPST CMOS Analog Switch 

HI-5050 SPDT CMOS Analog Switch 

HI-5051 Dual SPDT CMOS Analog Switch 

IH401A Quad Varafet Analog Switch 

IH5040 SPST 75 Ohm High-Level CMOS Analog Switch 

IH5041 Dual SPST 75 Ohm High-Level CMOS Analog Switch 

IH5042 SPDT 75 Ohm High-Level CMOS Analog Switch 

1H5043 Dual SPDT 75 Ohm High-Level CMOS Analog Switch 

IH5044 DPST 75 Ohm High-Level CMOS Analog Switch 

1H5045 Dual DPST 75 Ohm High-Level CMOS Analog Switch 

IH5046 DPDT 75 Ohm High-Level CMOS Analog Switch 

IH5047 4PST 75 Ohm High-Level CMOS Analog Switch 

IH5052 Quad SPST CMOS Analog Switch 

IH5053 Quad SPST CMOS Analog Switch 

IH5140 SPST High-Level CMOS Analog Switch 

IH5141 Dual SPST High-Level CMOS Analog Switch 

1H5142 SPDT High-Level CMOS Analog Switch 

IH5143 Dual SPDT High-Level CMOS Analog Switch 

1H5144 DPST High-Level CMOS Analog Switch 

1H5145 Dual DPST High-Level CMOS Analog Switch 

1H5148 Dual SPST High-Level CMOS Analog Switch 

IH5149 Dual DPST High-Level CMOS Analog Switch 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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Data Acquisition Products (continueg) 


ANALOG SWITCHES (Continued) 


IH5150 SPDT High-Level CMOS Analog Switch 

1H5151 Dual SPDT High-Level CMOS Analog Switch 

IH5341 Dual SPST CMOS RF/Video Switch 

IH5352 — Quad SPST CMOS RF/Video Switch 

MULTIPLEXERS 

DG408/409 Single 8-Channel/Differential 4-Channel CMOS Analog Multiplexers 

DG458/459 Single 8-Channel/Differential 4-Channel Fault Protected Multiplexers 

DG506A 16-Channel/Dual 8-Channel CMOS Analog Multiplexer 

DG507A 16-Channel/Dual 8-Channel CMOS Analog Multiplexer 

DG508A 8-Channel/Dual 4-Channel CMOS Analog Multiplexer 

DG509A 8-Channel/Dual 4-Channel CMOS Analog Multiplexer 

DG526 16-Channel/Dual 8-Channel CMOS Latchable Multiplexer 

DG527 16-Channel/Dual 8-Channel CMOS Latchable Multiplexer 

DG528 8-Channel/Dual 4-Channel Latchable Multiplexer 

DG529 8-Channel/Dual 4-Channel Latchable Multiplexer 

HI-1818A/1828A Low Resistance Single 8/Differential 4-Channel CMOS Analog Multiplexers 

HI-506 Single 16/Differential 8-Channel CMOS Analog Multiplexer 

HI-507 Single 16/Differential 8-Channel CMOS Analog Multiplexer 

HI-506A Single 16/Differential 8-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
HI-507A Single 16/Differential 8-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
HI-508 Single 8/Differential 4-Channel CMOS Analog Multiplexer 

HI-509 Single 8/Differential 4-Channel CMOS Analog Multiplexer 

HI-508A Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
HI-509A Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
HI-516 16-Channel/Differential 8-Channel CMOS High-Speed Analog Multiplexer 

HI-518 8-Channel/Differential 4-Channel CMOS High-Speed Analog Mulitplexer 

HI-524 4-Channel Wideband and Video Multiplexer 

HI-539 Monolithic, 4-Channel, Low Level, Differential Multiplexer 

HI-546 Single 16/Differential 8-Channel CMOS Analog Mulitplexer with Active Overvoltage Protection 
HI-547 Single 16/Differential 8-Channel CMOS Analog Mulitplexer with Active Overvoltage Protection 
HI-548 Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
HI-549 Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
IH6108 8-Channel CMOS Analog Multiplexer 

IH6208 4-Channel Differential CMOS Analog Multiplexer 


DISPLAY DRIVERS 


CA3161 
CA3168 
ICM7211 


BCD to Seven Segment Decoder/Driver 


2-Digit BCD to Seven Segment Decoder/Driver 


4-Digit LCD/LED Display Driver 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 
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DISPLAY DRIVERS (Continued) 


ICM7212 4-Digit LCD/LED Display Driver 

ICM7218 8-Digit LED Multiplexed Display Driver 

ICM7228 8-Digit LED Multiplexed Display Driver 

ICM7231 Numeric/Alphanumeric Triplexed LCD Display Driver 
ICM7232 Numeric/Alphanumeric Triplexed LCD Display Driver 
ICM7243 8-Character u.P-Compatible LED Display Driver 
REAL-TIME CLOCK 

ICM7170 uP-Compatible Real-Time Clock 

COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS 
ICM7207/A CMOS Timebase Generator 

ICM7208 7-Digit LED Display Counter 

ICM7209 Timebase Generator 

ICM7213 One Second/One Minute Timebase Generator 
ICM7216A/B/D 8-Digit Multi-Function Frequency Counter/Timer 
ICM7217 4-Digit LED Display Programmable Up/Down Counter 
ICM7224 4'/.-Digit LCD/LED Display Counter 

ICM7225 4'/,-Digit LCD/LED Display Counter 

ICM7226A/B 8-Digit Multi-Function Frequency Counter/Timer 
ICM7249 5'/,-Digit LCD p-Power Event/Hour Meter 
SPECIAL PURPOSE 

AD590 2-Wire Current Output Temperature Transducer 
ICL8069 Low Voltage Reference 

DATA COMMUNICATIONS 

ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 


i) FARRIS 


SEMICONDUCTOR 
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Digital Signal Processing Products 


MULTIPLIERS 
HMAS510 
HMU1 6/HMU17 


16 x 16-Bit CMOS Parallel Multiplier Accumulator 
16 x 16-Bit CMOS Parallel Multipliers 


ONE DIMENSIONAL FILTERS 


DECI ¢ MATE 
HSP43168 
HSP43216 
HSP43220 
HSP43481 
H5P43881 
HSP43891 


Harris HSP43220 Decimating Digital Filter Development Software 
Dual FIR Filter 

Half Band Filter 

Decimating Digital Filter 

Digital Filter 

Digital Filter 

Digital Filter 


TWO DIMENSIONAL FILTERS 


HSP48901 
HSP48908 


SIGNAL SYNTHESIZERS 


HSP45102 
HSP45106 
HSP45116 
HSP45116-DB 


SPECIAL FUNCTION 

HSP45240 

HSP45256 

HSP48410 

HSP50016 

HSP9501 

HSP9520/9521 

HSP-EVAL 


3 x 3 Image Filter 
Two Dimensional Convolver 


12-Bit Numerically Controlled Oscillator 
16-Bit Numerically Controlled Oscillator 
Numerically Controlled Oscillator/Modulator 
HSP45116 Evaluation Daughter Board 


Address Sequencer 

Binary Correlator 
Histogrammer/Accumulating Buffer 
Digital Down Converter 
Programmable Data Buffer 

Binary Correlator 

DSP Evaluation Platform 


FOR MORE INFORMATION CONTACT YOUR 
LOCAL SALES OFFICE OR DISTRIBUTOR 


i HARRIS 


SEMICONDUCTOR 
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CA3193 
CA3240 
CA3260 
CA3280 
CA3420 
CA3440 
CA3450 
CA5130 
CA5160 
CAS5260 
CA5420 
CA5470 


HA-2400, HA-2404, 


HA-2405 
HA-2406 
HA-2444 


HA-2500, HA-2502, 


HA-2505 


HA-2510, HA-2512, 


HA-2515 


HA-2520, HA-2522, 


HA-2525 
HA-2529 
HA-2539 
HA-2540 
HA-2541 
HA-2542 
HA-2544 
HA-2548 


HA-2600, HA-2602, 


HA-2605 


HA-2620, HA-2622, 


HA-2625 


HA-2640, HA-2645 


HA-2705 
HA-2839 
HA-2840 
HA -2841 
HA-2842 


Operational Amplifiers (continues) 


BiCMOS Precision Operational Amplifiers............... 0. cee eee eee eee 
Dual BiMOS Operational Amplifier with MOSFET Input/Bipolar Output ........ 
BiMOS Operational Amplifier with MOSFET Input/CMOS Output............. 
Dual Variable Operational Amplifier... ......... 000. e ce eee cece eee eens 
Low Supply Voltage, Low Input Current BIMOS Operational Amplifiers ........ 
Nanopower BiMOS Operational Amplifier ............ 0... cece eee eee eee 
Video Line Driver, High Speed Operational Amplifier .................2065. 
BiMOS Microprocessor Operational Amplifier with MOSFET Input/CMOS Output 


BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output....... 
BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output....... 


Low Supply Voltage, Low Input Current BiIMOS Operational Amplifier ......... 


Quad Microprocessor BiIMOS-E Operational Amplifiers with MOSFET Input/Bipolar Output 


PRAM Four Channel Programmable Amplifiers...................e eee eee 


Digitally Selectable Four Channel Operational Amplifier.................... 
Selectable, Four Channel Video Operational Amplifier ................-. 
Precision High Slew Rate Operational Amplifiers .................000 ee eee 


High Slew Rate Operational Amplifiers ............ 2... cece ee eee eee eee 
Uncompensated High Slew Rate Operational Amplifiers.................... 


Uncompensated, High Slew Rate High Output Current, Operational Amplifier. . . 
Very High Slew Rate Wideband Operational Amplifier .................005- 
Wideband, Fast Settling Operational Amplifier ............. 0... e eee e eee 
Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier............ 
Wideband, High Slew Rate, High Output Current Operational Amplifier........ 
Video ONGralional-AMOHel . oui. ces vecacpeweue ct see cue Pave cr vs pagan 
Precision, High Slew Rate, Wideband Operational Amplifier................. 
Wideband, High Impedance Operational Amplifiers .................20000- 


Very Wideband, Uncompensated Operational Amplifiers ................... 


High Voltage Operational Amplifiers .. 0... 0.0... ccc cc cee eee eee eens 
Low Power, High Performance Operational Amplifier ................20005- 
Very High Slew Rate Wideband Operational Amplifier................+++. 
Very High Slew Rate Wideband Operational Amplifier..................- 
Wideband, Fast Settling, Unity Gain Stable, Video Operational Amplifier. . . 


eve ee eee 


Wideband, High Slew Rate, High Output Current, Video Operational Amplifier ...... 
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Selection Guide 


WIDEBAND: Min/Max Limits at +25°C, Unless Otherwise Specified 


SLEW | Avo. SUPPLY 
GBwe | FPBW | RATE | (dB) | MINIMUM | OFFSET | BIAS CURRENT 
(typ) (typ) (typ) Azo. | STABLE | VOLTAGE | CURRENT| CMRR | PSRR | (mA/Op 
(MHz) | (MHz) | (V/us) | (V/mA)* | GAIN (mV) (nA) (dB) (dB) Amp) 
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NOTE: Bold type designates a new product from Harris. 
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WIDEBAND: Min/Max Limits at +25°C, Unless Otherwise Specified (Continued) 


SLEW SUPPLY 
GBwe | FPBW | RATE aa MINIMUM | OFFSET BIAS CURRENT 
(typ) (typ) (typ) Azo. | STABLE | VOLTAGE | CURRENT| CMRR | PSRR | (mA/Op 
(MHz) | (MHz) | (Vius) | (VimA)* | GAIN (mV) (nA) (dB) (dB) Amp) 
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* Azox applies to current feedback amplifiers only (HA-5004, HA-5020, HFA1100, HFA1120, HFA1 130) 


NOTE: Bold type designates a new product from Harris. 
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HIGH SLEW RATE: Min/Max Limits at +25°C, Unless Otherwise Specified 


SUPPLY 
CURRENT 
(mA/Op 
Amp) 


SLEW Mocs 
RATE | GBwe | FPBW | (dB)/ 


(typ) (typ) (typ) AzoL 
(MHz) | (MHz) | (V/mA)* 


MINIMUM | OFFSET BIAS 
STABLE | VOLTAGE | CURRENT 


CMRR PSRR 
(dB) (dB) 
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HIGH SLEW RATE: Min/Max Limits at +25°C, Unless Otherwise Specified (Continued) 


SLEW Roni: SUPPLY 
RATE | GBWP | FPBW | (dB) | MINIMUM | OFFSET BIAS CURRENT 
(typ) (typ) (typ) Azo. | STABLE | VOLTAGE | CURRENT| CMRR | PSRR | (mA/Op 
(Vis) | (MHz) | (MHz) | (V/mA)* | GAIN (mV) (nA) (dB) (dB) Amp) 


honoee econ aoe ee ee ee ee ee 
oe eo ee ls ee ee 
pieemee | cams | 100 


* Azox applies to current feedback amplifiers only (HA-5004, HA-5020, HFA1100, HFA1120, HFA1130) 


NOTE: Bold type designates a new product from Harris. 
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VIDEO: Typical Values at +25°C, Unless Otherwise Specified 


DIFFER- | DIFFER-| 0.1dB SUPPLY 
ENTIAL | ENTIAL | FLAT SLEW | OUTPUT | VOLTAGE 
GAIN | PHASE | GAIN RATE |CURRENT| RANGE 
DEVICE FEATURES (%) (DEG) | (MHz) (V/us) (mA) (+V) 


FisiabatierPinoat [aaa [oom | >ioo | 760 | tooo | 60 | 45-85 | 


-1,+1,4+2 (Selectable) Standard 


asians | = [= [| 

Op Amp Pinout, Voy7 Clamps 

[0.03 | oo | - | 250 | 1300 | 
[0.06 _| eee Ee 


SUPPLY 
CURRENT 
(mA/Op 
Amp) 


HA-5033 +1, Std. Buffer Pinout 
HA-5002 +1, Std. Buffer Pinout 


oe | 
(Current Feedback) 

CS — ae AR ETT 

HFA1100 with Offset Adjust | 0.03 | 

0.03 | 

| 0.03 | 


a 
= 
~J 


Output Clamps 


HFA1105 with Compensation 
Pin 


Ay 2 1, Low Ig, CFB, 
Programmable Output Clamps 


Ay 2 1, Low Icc, CFB, 
Output Disable 


HA-5022 |Ay>1,CFB i oe 
5023 |Ay>1,CFB,Output Disable | 0.02 | 


21, OFB C008 
Ay = 1, CFB, Output Disable 


pm 
> 


<= 
> 


- * | Multiplier, 2 Quad, Current Output 


Multiplier, 4 Quad, Current 
Output 


= 

> 
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Video Switch and Amplifier 
* See Section 7 (Special Analog Circuits) for data sheets. 
** Single Supply Range. 
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NOTE: Bold type designates a new product from Harris. 
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LOW NOISE: Min/Max Limits at +25°C, Unless Otherwise Specified 


NOISE 


VOLTAGE MINIMUM OFFSET SUPPLY 
1kHz ) STABLE VOLTAGE CURRENT 
(nVAVHz) (mA/Op Amp) 


HFA- 


: 


HA-5147A 


BEHEUH 


So So 
OPERATIONAL 


AMPLIFIERS 


HA-2840 


—_ 
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nN 
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5102 
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5112 


* +Input. These are current feedback amplifiers, so value for -Input will be larger. 
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GENERAL PURPOSE: ‘Typical Values at +25°C, Unless Otherwise Specified 


OFFSET 
VOLTAGE 


MINIMUM 
STABLE 


DESCRIPTION 


| MAXIMUM | SUPPLY 
BIAS SUPPLY | CURRENT 
CURRENT | VOLTAGE 
(HA) 


544 Ultra-Stable, High Performance 


Wideband Amplifier 


BiMOS, CMOS Output, Output 
Strobe 


Mil Temp Version of CA3130A 


2605 | Wideband, Compensated, High 
input Impedance 


Low Noise, High Performance 


a 
Compensated 
GrSTon [BOS OapaSrebe cman] 1 | AE 


CA3160A_ | BiMOS, CMOS Output, Output 4 
Strobe 


CA5160A_ | Mil Temp Version of CA3160A ele os 


CA3080 Operational Transconductance 
Amp. 


CA3193A_ | BiMOS, Instrumentation Amplifier 
Uncompensated 


Uncompensated, High Output 
Current 


Wideband, Uncompensated, 
High Input Impedance 


QO Q;oOo; Lz 
> >i >i > 
2 272i 
© 

SP isle 


be 4 
a 


> 


HA-5195 | Wideband, Fast Settling 
HA-2548A | Wideband, Precision 


HA-5147A_ | Low Noise, Precision, 
Wideband 
Low Noise, High Performance, 
Uncompensated 


NOTE: Bold type designates a new product from Harris. 
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GENERAL PURPOSE: Typical Values at +25°C, Unless Otherwise Specified (Continued) 


MAXIMUM | SUPPLY 

MINIMUM 

STABLE 
GAIN 


DEVICE DESCRIPTION 


CA3280A_ | Operational Transconductance 
Amp. 


HA-5102 Low Noise, High Performance 
CA3240A_ | BiMOS, High Input Impedance 


CA3260A_ | BiIMOS, CMOS Output, High 
Input Impedance 


CA5260A_ | Mil Temp Version of CA3260A 


” 
Ss 
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Low Noise, High Performance, ad w 
Uncompensated | 2 

Oo Ww 

i 

ee ae a ee 
CA3060 Operational Transconductance & = 
Amp. a < 


CA5470 High Input Impedance, Wide 1.0pA 
Supply Range 
CA124 Wide Supply Range 


HA-5114 Low Noise, High Performance, 
Uncompensated 


NOTE: Bold type designates a new product from Harris. 
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PRECISION: Min/Max Limits at +25°C, Unless Otherwise Specified 


Vio SLEW SUPPLY 
OFFSET | DRIFT BIAS | OFFSET GBwe | RATE CURRENT 
VOLTAGE | (typ) | CURRENT|CURRENT| CMRR | PSRR | (typ) (typ) Avo. | (mA/Op 
DEVICE (mv) | (VPC) (nA) (nA) (dB) (dB) (MHz) | (V/us) (dB) Amp) 
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NOTE: Bold type designates a new product from Harris. 
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LOW BIAS CURRENT: Min/Max Limits at +25°C, Unless Otherwise Specified 


SLEW SUPPLY 
BIAS OFFSET | OFFSET CM GBWP | RATE CURRENT 
CURRENT | CURRENT | VOLTAGE | RANGE | Ayo, (typ) (typ) | CMRR | PSRR | (mA/Op 
(nA) (nA) (mV) (tV) (dB) (MHz) | (Vius) (dB) (dB) Amp 
3.7 75 75 
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NOTE: Bold type designates a new product from Harris. 
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Selection Guide 


5V SINGLE-SUPPLY: Min/Max Limits at +25°C, Unless Othewise Specified 


SUPPLY* MINIMUM 
CURRENT INPUT DOES SINGLE 
(typ) OFFSET INPUT INPUT BIAS 
(mA/Op | VOLTAGE | INCLUDE CURRENT 
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NOTE: Bold type designates a new product from Harris. 
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Selection Guide 


SV SINGLE-SUPPLY: Min/Max Limits at +25°C, Unless Othewise Specified (Continued) 


SUPPLY* MINIMUM 

CURRENT | INPUT DOES SINGLE 
(typ) OFFSET INPUT INPUT BIAS 
(mA/Op | VOLTAGE | INCLUDE CURRENT 


OPERATIONAL 
AMPLIFIERS 


* Supply Current for single 5V supply, if specified in data sheet. 


NOTE: Bold type designates a new product from Harris. 
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Selection Guide 


LOW POWER: Min/Max Limits at +25°C, Unless Otherwise Specified 


SUPPLY SLEW OUTPUT 

CURRENT | MAX | RATE | GBWP CM | VOLTAGE | OUTPUT | OFFSET BIAS 

(mA/Op | V+,V- | (typ) (typ) | RANGE | SWING | CURRENT} VOLTAGE | CURRENT} PSRR 
Amp) (¢V) | (Vins) | (MHz) (+V) (¢V) (mA) (mV) (nA) (dB) 


feasaao [0017 | 125 | 003 | 006s [ a5 [ a0 | 150 | 100 | 0050 | 70 _ 


feaseaon | oor | 125 | 003 | o0es | as | a0 | 150 | 50 | oo | 70 
joasria | due Feb | op sy 18 [oes jet feb | ss) ie fj 
joureria | ome | oo | ace | oom [44 [49 [04 | 20 | ‘os | 
icireiza | coe | om | ace | oom [ss ([ ae | ay | 20 | oo | a 
fensi | a1 | eo, | 0 | 40 [28 [| ae [ 40 | 100 | oo | 36. 
fexstox [ot feo | too [4g [es [es Peg 40 fon 
pounce n0 | 00] 100} 0d |_-26—f]- 2s] 40- 100 one 
[casteoa | 010 | 20 | wo | 40 | 25. f 40... 4.0. 0010}. —] 
casora | ois | 70 | 15 | Psa Oe 
Haz7os | 015 | 22 | 20 a 2 iB ERI I Be 
[cagooa | 0.40 | 12.0 | 50.0 | 149 [1000 | 50 | s0009 | 70 
casoosa | 040 | 18.0 | 50.0 | | 149 | 1000 
040 | 220 | 149° | 100.0 
jcasazoa | oss | tt eee 
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NOTE: Bold type designates a new product from Harris. 
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CA Type Ordering Information 


Linear (CA Series) PRODUCT FLOW 

Linear ICs are available in a wide variety of package 

designs. These packages are identified by suffix letters STANDARD 
PRODUCT 


indicated in the chart below. When ordering Linear devices, 
it is important that the appropriate suffix letter be affixed to 
the type number as indicated on the price schedule. 


Frit-Seal Dual-In-Line Ceramic 


Quad-In-Line Plastic 


Extra Value Screening 


Linear product with extra value screening has an X added to 
the standard type number in the price list, and is also 
branded as such. A white dot will indicate location of Pin 1. 


Example: 


A CA3080E with Extra Value screening is designated 
CA3080EX in the price list. It is branded CA3080EX plus a 
white dot at pin number 1. 


Tape and Reel for Small Outline Packages 


With the introduction of small outline packages, Harris now 
Offers its Customers the convenient tape and reel style 
packaging. Small outline devices, which can be tape and 
reeled, are denoted wtih the suffix “M96” or “AM96” in the 
linear and high speed logic product lines. Devices must be 
ordered in multiples of quantities listed below. Any returns 
must be full and unopened reels. 


LEAD TAPE WIDTH | REEL SIZE DEVICES 
COUNT (mm) (INCHES) PER REEL 


100% BURN-IN 
160 HR. 

AT +125°C OR 

EQUIVALENT 


100% PARAMETRIC 
AND FUNCTIONAL 
TESTS AT +25°C 


SAMPLE 
PARAMETRIC 
AND FUNCTIONAL 
TESTS AT +25°C 
AQL = 0.025% 


ENHANCED 
PRODUCT 


OPERATIONAL 


AMPLIFIERS 


[] PRODUCTION STATE OR PROCESS 


© QUALITY ASSURANCE STEP 


ee ee ee 
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MHaRRIs CA124,CA224, CA324 
‘eigen LM324*, LM2902* 


Quad Operational Amplifiers for 


March 1993 Commercial, Industrial, and Military Applications 
Features Description 
¢ Operation from Single or Dual Supplies The CA124, CA224, CA324, LM324, and LM2902 consist of 
four independent, high-gain operational amplifiers on a 
e Unity-Gain Bandwidth................. IMHz(Typ.) single monolithic substrate. An on-chip capacitor in each of 
= the amplifiers provides frequency compensation for unity 
50 ig adage od tage ct ede (TKR) gain. These devices are designed specially to operate from 
e Input Blas Current..................0. 45nA(Typ.) either single or dual supplies, and the differential voltage 
range is equal to the power-supply voltage. Low power drain 
¢ Input Offset Voltage.................... 2mV(Typ.) and an input common-mode voltage range from OV to V+ 
-1.5V (single-supply operation) make these devices suitable 
* Input Offset Current for battery operation. 
= CA224, CA324, LM324, LM2902.........00- 5nA (Typ.) 
The CA124, CA224, CA324, LM324 and LM2902 are 
~ CAI24 10... eee eee cece eee ee eee eees 3nA(TYP-) supplied in both 14-lead dual-in-line plastic (E suffix) and 
14-lead (150 mil) small outline (M suffix) packages. The 
¢ Replacement for Industry Types 124, 224, 324 ; . ’ 4 P 
P a i CA324 is available in chip form (H suffix). 
Applications 


¢ Summing Amplifiers 


OPERATIONAL 
AMPLIFIERS 


e¢ Multivibrators 
¢ Oscillators 
e¢ Transducer Amplifiers 


- e DC Gain Blocks 


Pinout 
CA124, CA224, CA324, LM324, LM2902 
(PDIP, SOIC) 
TOP VIEW 
OUTPUT 1 | 1 | 14] OUTPUT 4 
NEG. NEG. 
INPUT 1 INPUT 4 
POS. POS. 
INPUT 1 INPUT 4 
v+ | 4] 111] GROUND 
POS. 
input 2 LS_ INPUT 3 
NEG. NEG. 
INPUT 2 INPUT 3 
OUTPUT 2 | 8 | OUTPUT 3 


* Technical Data on LM Branded types is identical to the corresponding CA Branded types. : 796.2 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number “ 
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Specifications CA124, CA224, CA324, LM324, LM2902 


Absolute Maximum Ratings Operating Conditions 
SUNY WONG so a6 seo ee Ps oe ween wees 32V to+16V Operating Temperature Range .............+-- -55°C to +125°C 
Differential Input Voltage. ........ 0. cece eee ee eee ee eens 32V Storage Temperature Range..........---+2ee -65°C to +150°C 
WURM WOME Ss ose eee Cece sao as ae we ee -0.3V to +32V 
Input Current (V; < -0.3V) (Note 1)... 0... cece eee ee eee 50mA 
Output Short Circuit Duration (V+ < 15V) (Note 2)..... Continuous 
Power Dissipation ; 

Sh a Pee. eee Perr errs Sere rr wi 750mW 

Above Ty, = +55°C. .........08. Derate Linearly at 6.67mW/°C 
JUNCUON TOMBSrANWNS 6155 cb Be ei ni +175°C 
Junction Temperature (Plastic Package) ............4.. +150°C 
Lead Temperature (Soldering 10 Sec.)...........0 cee eee +300° 
Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = SV, 

Unless Otherwise Specified 
CA124 LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS UNITS 


Input Offset Voltage V 


Output Voltage Swing V+-1.5 


V+ -1.5 


Vopp 


Input Common Mode Voltage Range (Note 4), V+ = 30V 


< 


Vicr 


Be) 
ul 
ine) 


So 


Input Offset Current 


x: i 


Input Bias Current I+ or |)-, (Note 3) 
V+ = +1V, V;- = OV, V+ = 15V 
V+ = OV, V;- = 1V, V+ = 15V 
V+ = OV, Vi- = 1V, Vo = 200mV 
2 2kQ, V+ = 15V (For large Vo swing) 
DC 


Output Current (Source) 
Output Current (Sink) 


Large Signal Voltage Gain 94 


Common Mode Rejection Ratio CMRR 


Power Supply Rejection Ratio 


alah] fell 


= 
Oo 


Amplifier-to-Amplifier Coupling 
Ta = -55°C to +125°C 
Input Offset Voltage 


f = 1 to 20kHz (input referred) 


lle EEE 


co 


Vio Note 5) 


= 00 


~ 


Temperature Coefficient of Input Offset 
Voltage 


Vio uve Cc 


Ee 


elle] 3] aie 


| 
” 


Input Offset Current 


Temperature Coefficient of Input Offset 
Current 


Input Bias Current \+ OF |)- 


Total Supply Current + R, = ee On all amplifiers 
V+ = 30V 


Ry 2 2kQ, V+ = 15V (For large Vo swing) 8 


Input Common Mode Voltage Range 


Vicr V+ -2 


. 


Large Signal Voltage Gain 

OUTPUT VOLTAGE SWING 
High Level Vou Ry = 2kQ, V+ = 30V 

R, = 10kQ 

R, = 10kQ 


nm 
a 


Low Level OL 


; 
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Specifications CA124, CA224, CA324, LM324, LM2902 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 


CA124 LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


OUTPUT CURRENT 
Ditweniatnpuivense [nwa Sid iT Pw] 


NOTES: 


1. This input current will only exist when the voltage at any of the input leads is driven negative. This current is due to the collector base 
junction of the input p-n-p transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, 
there is also lateral n-p-n parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the amplifiers 
to go to the V+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This transistor action 
is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater 
than -0.3Vp¢. 


2. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc- 
tion of the device. 

3. Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the 
current is essentially constant, independent of the state of the output. 

4. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


5. Vo = 1.4Vp¢, Rg = 0Q with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = 5V, 


Unless Otherwise Specified 
CA224, CA324 LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS |} MIN | TYP | MAX | UNITS 


Ta = +25°C 


input Offset Voltage Ser Co 
Output Voltage Swing Ry = 2ka 

Input Common Mode Voltage Range (Note 2), V+ = 30V 

Input Offset Current Ele I+ -|- 

Input Bias Current I+ or |,-, (Note 1) 

Output Current (Source) Vit = +1V, V)- = OV, V+ = 15V 


Output Current (Sink) nie Vi+ = OV, V)- = 1V, V+ = 15V 


ah 
© 


< 


V+ -1.5 
V+ -1.5 


Large Signal Voltage Gain R, 2 2kQ, V+ = 15V (For large Vo swing) 88 


Common Mode Rejection Ratio CMRR DC 


~~ 
Oo 


Power Supply Rejection Ratio | PSRR 
Amplifier-to-Amplifier Coupling poems f = 1 to 20kHz (Input referred) 


Ty = -40°C to +85°C (CA224), Ty = 0°C to +70°C (CA324) 
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OPERATIONAL 


AMPLIFIERS 


Specifications CA124, CA224, CA324, LM324, LM2902 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 


CA224, CA324 LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS 


Ta = -40°C to +85°C (CA224), Ta = 0°C to +70°C (CA324) (Continued) 


Temperature Coefficient of Input 
Offset Current 


UNITS 


E 


+ 


“PELS 


-2 


Large Signal Voltage Gain ek Ry, = 2kQ, V+ = 15V (For large Vo swing) 


S 
2 
wn 
= 
oO 
yrs 
< 
O 
e 
® 
r= 8 
: 

Bs) 
= 

T 

8 

oO 
se 
a 
f 
3 
Ss 
= 
® 
w 


wD 
2 
TT 
: 
©) 
~ 
= 


o 
D 
2 
il 
° 
5 


< 
+ 


| Ig | Vit = 1V 0, Vir = 0, V4 = 15V 
ieee Wass Vi- = 1Vpc, Vit = 0, V+ = 15V 
NOTES: 


1. Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the 
current is essentially constant, independent of the state of the output. 


2. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


3. Vo = 1.4Vpc, Rg = 02 with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 


cb 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = 5V, 
Unless Otherwise Specified 


PARAMETERS | SYMBOL TEST CONDITIONS | MIN | TYP | MAX — 
Ta = -40°C to +85°C 
Input Offset Voltage 


Temperature Coefficient of Input Offset 
Voltage 


Input Offset Current 


Ry > 2kQ, V+ = 15V (For large Vo 
swing) 
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Specifications CA124, CA224, CA324, LM324, LM2902 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage (V+) = 5v, 


Unless Otherwise Specified (Continued) 
LM2902 LIMITS 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | | MAX | 


OUTPUT VOLTAGE SWING ; 
eno Te TT oe 
Se Sane! 2 os cs Sead | 
Te we Cl” Meee ete oe a Sic 
| lg | Vit = 1V 0, Vir = 0, V+ = 15V | ho 
| Ig Vr = 1Vp¢, Vit = 0, V+ = 15V as 
hee 
NOTES: 


1. Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the 
current is essentially constant, independent of the state of the output. 


2. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


3. Vo = 1.4Vp¢, Rg = 0 with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 


High Level 


OPERATIONAL 
AMPLIFIERS 


Schematic Diagram (One of Four Operational Amplifiers) 


TO 2, 3,4 


ee 


TO 2, 3,4 
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CA124, CA224, CA324, LM324, LM2902 


Typical Performance Curves 
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FIGURE 1. INPUT CURRENT vs AMBIENT TEMPERATURE FIGURE 2. SUPPLY CURRENT vs SUPPLY VOLTAGE 
20 
(skew ead iH 
> < 60 
fe ane eo eee a 
: 2 oS ad a Peg Oo 
4 2 40 + J 
10 — 
Bee aN Peas aos, Se 
9 = 30 r =] 
VPeCtle Ei Basie Ae e eevee. 
ae \ 5 20 
Saha ee ee ee ee ae 
N I 3 10 
J Lee Ee eis | fete] | tp 
1k 2 4 6 84QK 2 4 6 B4OQ, 2 4 6 B4y 75 50 -25 0 25 50 75 100 125 
FREQUENCY (Hz) AMBIENT TEMPERATURE (°C) 
FIGURE 3. LARGE SIGNAL FREQUENCY RESPONSE FIGURE 4. OUTPUT CURRENT vs AMBIENT TEMPERATURE 
| pee | ee 
75 @ 150 
| | we ee ee 
< ( SRE PRESSES. BR 
= o = = Ry = 20kQ 
BeBe wees ee eee awa 
fi 50 100 Ry = 2kQ 
oc ee hee eee es Sees es oe 
ved oad 
3 | 75 
Bee! ees Hae Soe 
a ae) e 
a ee a ee ee 
a 
ee 
oe 2 
0 10 20 30 40 0 10 20 30 40 
POSITIVE SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V) 
FIGURE 5. INPUT CURRENT vs SUPPLY VOLTAGE FIGURE 6. VOLTAGE GAIN vs SUPPLY VOLTAGE 
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CA124, CA224, CA324, LM324, LM2902 


Typical Performance Curves (Continued) 


OPEN-LOOP VOLTAGE GAIN (dB) 
OUTPUT VOLTAGE (mV) 


1 10 100 1k 10k 100k 41M 10M 
FREQUENCY (Hz) TIME (js) 


FIGURE 7. OPEN LOOP FREQUENCY RESPONSE FIGURE 8. VOLTAGE FOLLOWER PULSE RESPONSE (SMALL 
SIGNAL) 


OPERATIONAL 
AMPLIFIERS 
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CA158, CA258 
tt nARRIS CA358, CA2904, 


LM358*, LM2904* 


Dual Operational Amplifiers for Commercial 


March 1993 Industrial, and Military Applications 
Features Description 
e Internal Frequency Compensation for Unity Gain The CA158, CA158A, CA258, CA258A, CA358, CA358A 
and CA2904 types consist of two independent, high gain, 
e High DC Voltage Gain ................ 100dB(Typ.) internally frequency compensated operational amplifiers 
which are designed specifically to operate from a single 
* Wide Bandwidth at Unity Gain .......... IMHz(TYP-) power supply over a wide range of voltages. They may also 


be operated from split power supplies. The supply current is 


¢ Wide Power Supply Range: 
re 9 basically independent of the supply voltage over the 


. Single Supply eeeseeceeseseeeee ee eee ees 3 to 30V recommended voltage range. 
~_Dual Supplies ........... 22.2 .seeeeees £1.5 tot15V These devices are particularly useful in interface circuits with 
e Low Supply Current..............0e00- 1.5mA(Typ.) digital systems and can be operated from the single 
common 5Vpc power supply. They are also intended for 
¢ Low Input Bias Current transducer amplifiers, DC gain blocks and many other 
conventional op amp circuits which can benefit from the 


¢ Input Common-Mode Voltage Range Includes Ground The CA158, CA158A, CA258, CA258A, CA358, CA358A, and 
CA2904 S are an equivalent to or a replacement for the 
Differential Input Voltage Range Equal to V+ Range industry a 158, 158A, 258, 258A, 358, 358A, and CA2904. 


e Large Output Voltage Swing........... 0 to V+ -1.5V 


Ordering Information 


PART SUFFIX 
NUMBER LETTERS 


CA158, A 
CA258, A 
CA358, A 
CA2904 


CA158, A 
CA258, A 
CA358, A 


8 Lead Plastic DIP 


7 S oe 
8 Pin TO-5 Can with 


Standard Leads 


8 Pin TO-5 Can with 
Dual-In-Line Formed Leads 


Pinouts 
CA158, CA258, and CA358 (TO-5 CAN) CA158, CA258, CA358, AND CA2904 (PDIP, SOIC) 
TOP VIEW TOP VIEW 
INV. 
INPUT (A) 
NON-INV. OUTPUT (A) | 1 | | = 8 | vs 
INPUT (A) OUTPUT (A) sais a ae 
INPUT (A) Ex OUTPUT (B) 
as V+ NON-INV. 3 | A G INV. 
TAB INPUT (A) ee INPUT (B) 
NON-INV. Ve rs | NON-INV. 
INPUT (B) OUTPUT (B) INPUT (B) 
INV. 
INPUT (B) 


* Technical Data on LM Branded types is identical to the corresponding CA Branded types. ; { 0 { y) 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. File Number 9. 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Note 5) Operating Temperature Range................ -55°C to +125°C 
EE tae ca ee doe ees oe ees 26V or t13V Storage Temperature Range.................. -65°C to +150°C 
RUE SR gs os tO oo ed hes boc pc tccttwa 32V or t+16V 

Differential Input Voltage (All Types). ..............22000e- 32V 

a, _* yas SESE tees Ae ars Sra -0.3V to V+V 

Input Current (V; < -0.3V) (Note 5).... 2... cece eee eee 50mA 

Output Short Circuit Duration (V+ < 15V) (Note 6)..... Continuous 

Power Dissipation 
8 SE 2S Aa Re) eae eae 630mW 
Above T, =-55°C ............. Derate Linearly at 6.67 mw/°C 

UNCON THTTIIOIBUINO 5. sv sc oc dons cc kccccucceccw, +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature ( Soldering 10 Sec.) ..............4. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 


Unless Otherwise Specified 
CA158A LIMITS 
PARAMETERS svuso. | __testconorions | _win | ve | MAX " 
Ta = +25°C a! rt 
A= © Ww 
Output Voltage Swing Vopp | Rp = 2k wis 
re) 


Input Common Mode Voltage Range (Note 2), V+ = 30V V+-1.5 Vv 


Vicr 


Input Offset Current tele 


Input Bias Current I+ or |)-, (Note 1) 


Output Current (Source) Vit = +1V, V)- = OV, V+ = 15V 


Output Current (Sink) V+ = OV, Vi- = 1V, V+ = 15V 
V+ = OV, V\- = 1V, Vo = 200mV 
Short Circuit Output Current R, = 0Q (to Ground) (Note 4) 


V/mV 


Large Signal Voltage Gain Ao. Ry 2 2kQ, V+ = 15V (For large Vo swing) 


Common Mode Rejection Ratio CMRR DC 


Oo 
Q 


Power Supply Rejection Ratio 


ole le fete] }e lle 


Amplifier-to-Amplifier Coupling f = 1 to 20kHz (Input referred) 


Ty = -55°C to +125°C 


Input Offset Voltage Vio 

Temperature Coefficient of Input Vio 

Offset Voltage 

Temperature Coefficient of Input 

Offset Current 

Input Common Mode Voltage Range V+ = 30V (Note 2) 10] =. pelle@iolta Maal 


3 
< 


pVPC 


pA°C 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 


CA158A LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | ) MAX. | UNITS 


Supply Current le R, = °° On all amplifiers rade be eels Lae 


NOTES: 
1. Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 
2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 
3. Vo = 1.4Vp¢, Rg = 0Q with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 
4. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 


excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc- 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 


5. This input current will only exist when the voltage at any of the input leads is driven negative. This current is due to the collector base 
junction of the input p-n-p transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, 
there is also lateral n-p-n parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the amplifiers 
to go to the V+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This transistor action 
is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater 
than -0.3VDC. 

6. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc- 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified 


CA258A LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS 


Ta = +25°C 
Input Offset Voltage 
Input Common Mode Voltage Range (Note 2), V+ = 30V 


Output Current (Source) Pa ig V\+ = +1V, V- = OV, V+ = 15V 
Output Current (Sink) oo V+ = OV, V,- = 1V, V+ = 15V 


UNITS 


i 


V+-1.5 
V+ -1.5 
Input Offset Current 


Input Bias Current 


V\+ = OV, V)- = 1V, Vo = 200mV 


Short Circuit Output Current 
Large Signal Voltage Gain 
Common Mode Rejection Ratio 
Power Supply Rejection Ratio Bie eee ee 
Amplifier-to-Amplifier Coupling | f= 1 to 20kHz (Input referred) 


V/mV 


N 
So 


< 


pVPC 


z 
as 
o @ 
» 
= 
© 
QO 
Pe) 
© 
=s 
Q, 
© 
3 
oF 
hi 
oO 
S 
Q 
® 
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ee) 
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il 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 


CA258A LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | 
te lial Ml MRE Ht a 


Temperature Coefficient of Input Offset Saati 

Current 

nputBies Curent ity ‘iv orl pe es i ee 

input Common Mode Valage Range | Vion |Ve=sovWowa) ——=—Ssd| 0 | - «| we | Vv 
anveeow «| - | ts | 3 | mau 

NOTES: 


1. Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 


2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


3. Vo = 1.4Vpc, Rg = 02 with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 


4. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc- 


tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. z wn 
zc 
© Ww 
— iL 
Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, i al 
Unless Otherwise Specified 0 
oO < 

CA358A LIMITS o 

PARAMETERS SYMBOL TEST CONDITIONS | MIN. | TYP | MAX | UNITS 


Ta = +25°C 


Se 
inp oteeivowge | vo [wea ——SC~dSC Sd; 
[ouput votage Swng ‘| Vor [R=ma—SSCS~d dt | 
Input Carinan Mode Vatage Range | Vien [Nowa Vensov «to | was |v 


Input Bias Current 


Output Current (Source) 
Output Current (Sink) 


Short Circuit Output Current 


Large Signal Voltage Gain 


eho 
pt te] 
ptt 
Seer 
Common Mode Rejection Ratio DC eee ee eee ek 
| PSRR 
commences 
2 


Power Supply Rejection Ratio 


Amplifier-to-Amplifier Coupling 


= 0 to +70°C 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 


CA358A LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


eee. we [wok en eee 
Input Conon Mode Vatage Renae | Ven [ve=sovwowa —=«dY © | - | we | v_ 
ee | eee ee 
NOTES: 


1. Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 


2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


3. Vo = 1.4Vp¢, Rg = 0Q with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 


4. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc- 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 


Unless Otherwise Specified 
LIMITS 
CA158, CA258 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Ta = +25°C 


Input Offset Voltage 


ise ee 
Input Common Mode Voltage Range 
Output Current (Source) | lo |VHEHV,VR=OV,Vt=15V | 


a 


V+-1.5 
V+ -1.5 


< 


elelelile fle lle 


Output Current (Sink) 


Short Circuit Output Current oe R, = 0Q (to Ground) (Note 4) 


Large Signal Voltage Gain Ry 2 2kQ, V+ = 15V (For large Vo swing) 


Amplifier-to-Amplifier Coupling f = 1 to 20kHz (Input referred) 
Ty = -55°C to +125°C (CA158); Ts = -25°C to +85°C (CA258) 


V/mV 


1 


i>) 
o 


< 
+ 
I 
oO 
ys 
< 
u 
Ss 
es 
< 
+ 
i] 
a 
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3 
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“7. 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 
Unless Otherwise Specified (Continued) 


LIMITS 
CA158, CA258 
PARAMETERS SYMBOL TEST CONDITIONS } MIN | TYP | MAX | 


a et SA RM 4, 8 ON AEP OO I 


input Common Mode Votage Range | Vien |Vr=soviwowa | 0 | - [we] v_ 
anv | - | 1s | 3 | | 
NOTES: 


1. Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 

2. The input signal voltages and the input common mode voitage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


3. Vo = 1.4Vp¢, Rg = 02 with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 


4. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc- 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 


20 
z 
Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, - 
Unless Otherwise Specified P x 
Wi = 
CA358 LIMITS 5 < 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | 


Ta = +25°C 


eee 
Input OfetVotogs dT ve [wm SCSCSC~isSCSS*dSC 


I+ or |,-, (Note 1) 
Output Current (Source) Vit = +1V, V;- = OV, V+ = 15V 


Ply 
le 
cL ey 
Output Current (Sink) — V+ = OV, Vi- = 1V, V+ = 15V 
FE ucises 


Input Offset Current 


Input Bias Current 


V+ = OV, Vi- = 1V, Vo = 200mV 

Short Circuit Output Current R,, = 0Q (to Ground) (Note 4) 

Large Signal Voltage Gain Ry 2 2kQ, V+ = 15V (For large Vo swing) 

Common Mode Rejection Ratio DC 

Power Supply Rejection Ratio | PSRR 

Amplifier-to-Amplifier Coupling feo 
= 0 to +70°C 


Input Offset Voltage 
Vio 


Temperature Coefficient of Input Offset 


Input Offset Current 


Temperature Coefficient of Input Offset pe 


V/mV 


| 


f = 1 to 20kHz (Input referred) 


delle EE 


mV 
ae 
aman es 


I+ og l- 


AAR 
HE 
2 @ 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 


Unless Otherwise Specified (Continued) 
CA358 LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


corey or Saamem mee Co (7 eeprom arcs acon es Soe Pe 
Inpa Garman Node ValageRarge | Ven |venooowa +t 0 | - [we] v_ 


mecer [  a| se el 


NOTES: 
1. Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 


2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


3. Vo = 1.4Vp¢, Rg = 0Q with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 


4. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc- 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5V, 


Unless Otherwise Specified 
CA2904 LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS UNITS 
Ta = +25°C 


Input Offset Voltage 
Output Voltage Swing 


(Note 3) 
R, = 10kQ 
(Note 2), V+ = 30V 


Vio 
V+ -1.5 
V+-1.5 


Vopp 
Input Common Mode Voltage Range 


Input Offset Current 


3 
< 


Vicr 


3s ¥ 


Input Bias Current + or |,-, (Note 1) 
V+ = +1V, V)- = OV, V+ = 15V 
V+ = OV, V|- = 1V, V+ = 15V 
= 0Q (to Ground) (Note 4) 
2 2kQ, V+ = 15V (For large Vo swing 


DC 


Output Current (Source) 
Output Current (Sink) 
Short Circuit Output Current 


Large Signal Voltage Gain V/mV 


— 
SN 


Common Mode Rejection Ratio CMRR 


Power Supply Rejection Ratio 


BORUOGUUUEED 


i 


Amplifier-to-Amplifier Coupling 
Ta = -40°C to +85°C 


Input Offset Voltage Vio 


Temperature Coefficient of Input Offset Vio 
Voltage 


Input Offset Current 


Temperature Coefficient of Input Offset 
Current 


Input Bias Current 


f = 1 to 20kHz (Input referred) 


Note 3) 
pVPC 


I+ - I- 


BS 3 
S < 


I+ or l- 
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Specifications CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications Values Apply for Each Operational Amplifier, Supply Voltage (V+) = 5, 
Unless Otherwise Specified (Continued) 


CA2904 LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN. | TYP | MAX | 


Inge Conmon Mode Votage Range | View [vewonv wows) | o [- | wa] v_ 


NOTES: 


1. Due to the p-n-p input stage the direction of the input current is out of the IC. No loading change exists on the input lines because this 
current is essentially constant, independent of the state of the output. 


2. The input signal voltages and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


3. Vo = 1.4Vp¢, Rg = 02 with V+ from 5V to 30V; and over the full input common mode voltage range (OV to V+ - 1.5V). 


4. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc- 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 


Schematic Diagram 


ONE OF TWO OPERATIONAL AMPLIFIERS 


OPERATIONAL 
AMPLIFIERS 


TO2 


TO2 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Typical Performance Curves 


INPUT VOLTAGE (V) 


10 15 
SUPPLY VOLTAGE (V) 
FIGURE 1. INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 


SUPPLY CURRENT DRAIN (mA) 


Ts 20°C TO +125°C 
a sma 
5 10 15 20 25 30 

POSITIVE SUPPLY VOLTAGE (V) 


FIGURE 3. SUPPLY CURRENT DRAIN vs SUPPLY VOLTAGE 


-\\ 


Ta = +25°C 


OPEN LOOP VOLTAGE GAIN (dB) 


POSITIVE SUPPLY VOLTAGE (V) 
FIGURE 5. VOLTAGE GAIN vs SUPPLY VOLTAGE 


INPUT CURRENT (nA) 


100 


AMBIENT TEMPERATURE eae 
FIGURE 2. INPUT CURRENT vs AMBIENT TEMPERATURE 


~ TLL 
co 
100 5 a oe ee oe 

S Pr Ee 
< 
= 80 
x 
5 
+ 60 
wi 
vd 
2 
$ 40 
z 
5 
3 20 

0 

100 1K 10K 100K 1M 
INPUT FREQUENCY (Hz) 
FIGURE 4. COMMON MODE REJECTION RATIO vs INPUT 
FREQUENCY 


OPEN-LOOP VOLTAGE GAIN (dB) 


1 1k 
FREQUENCY (Hz) 


FIGURE 6. OPEN-LOOP FREQUENCY RESPONSE 


10k 100k 


CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Typical Performance Curves (continued) 


Ta = +25°C 
V+ = 15V 
Ry = 2kQ 


= 
4 Ww 
¢ 
: 5 
2 > 
5 
Le 
0 8 
= 
w 4 
= 3 
S 2 
pe 
= 4 
z 
0 
0 10 20 30 
TIME (us) 
FIGURE 7. VOLTAGE FOLLOWER PULSE RESPONSE (LARGE 


SIGNAL) 


alee 

COOH 
tT NT 
“TTT ARC 


1k 2 4 6 8 40k 2 4 6 8 400k 2 4 6 84 
FREQUENCY (Hz) 


FIGURE 9. LARGE-SIGNAL FREQUENCY RESPONSE 


OUTPUT VOLTAGE SWING (V) 


OUTPUT VOLTAGE (V) 
te 


(REFERENCED TO V*) 


w 


0.01 
OUTPUT SOURCE CURRENT (mA) 


FIGURE 11. OUTPUT SOURCE CURRENT CHARACTERISTICS 


0.1 1 10 
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Ta = +25°C 
V+ = 30V 


OUTPUT VOLTAGE (mV) 


TIME (us) 


FIGURE8. VOLTAGE FOLLOWER PULSE RESPONSE (SMALL 
SIGNAL) 


OPERATIONAL 
AMPLIFIERS 


INPUT CURRENT (nA) 


30 
POSITIVE SUPPLY VOLTAGE (V) 


FIGURE 10. INPUT CURRENT vs SUPPLY VOLTAGE 


& 
V+ 2 +5Vnc tii 
V+ = +15 Vp iT 
V+ = +30Vp¢-H 
A Lt 
MS 


— 
sorte -— or 


OUTPUT VOLTAGE (V) 


0.001 


0.01 0.1 1 


OUTPUT SINK CURRENT (mA) 
FIGURE 12. OUTPUT SINK CURRENT CHARACTERISTICS 


10 


CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Typical Performance Curves (Continued) 


OUTPUT SOURCE CURRENT (mA) 


0 
-75 -50 -25 O 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) 


FIGURE 13. OUTPUT CURRENT vs AMBIENT TEMPERATURE 


Metallization Mask Layout 


40 — Fe Ee 69-77 
(1.753 - 1.956) 


(0.102 - 


i=) 


254) 


63-71 ad 


(1.600 - 1.803) 


Dimensions in parentheses are in millimeters and derived 
from the basic inch dimensions as indicated. Grid gradua- 
tions are in mils (10° inch). 


The photographs and dimensions represent a chip when it 
is part of the wafer. When the wafer is cut into chips, the 
cleavage angles are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is actually 7 
mils (0.17mm) larger in both dimensions. 
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HARRI CA741, CA1458, 
Ga PARRIS CA1558, LM741*, 


LM1458*, LM1558* 
High Gain Single and Dual Operational Amplifiers 


March 1993 for Military, Industrial and Commercial Applications 
Features Description 
¢ Input Bias Current (All Types) 500nA (Max.) The CA1458, CA1558 (dual types); CA741C, CA741 (single 
¢ Input Offset Current (All Types) 200nA (Max.) types); high-gain operational amplifiers for use in military, 


industrial, and commercial applications. 


App lications These monolithic silicon integrated circuit devices provide 
¢ Comparator e Multivibrator Output short circuit protection and latch-free operation. 
These types also feature wide common mode and differen- 


¢ DC Amplifier ¢ Summing Amplifier ; ; 
tial mode signal ranges and have low offset voltage nulling 
e integrator or Differentiator ¢ Narrow Band or Band capability when used with an appropriately valued 
Pass Filter potentiometer. A 10kQ potentiometer is used for offset 
nulling types CA741C, CA741 (See Figure 4); and types 
Ordering Information CA1458, CA1558, have no specific terminals for offset 


nulling. Each type consists of a differential input amplifier 
that effectively drives a gain and level shifting stage having a 


PARTNUMBER | TEMP.RANGE | PACKAGE 


-J 

CA741E -55°C to+125°C | 8 Lead Plastic DIP complementary emitter follower output. s 2 
, Ww 

CA741CE 0°C to +70°C _—| 8 Lead Plastic DIP The manufacturing process make it possible to produce IC 2 
CA1458E 0°C to +70°C 8 Lead Plastic DIP operational amplifiers with low burst (“popcorn”) noise ! a 
CA1558E -55°C to +125°C 18 Lead Plastic DIP characteristics. The CA741 gives limit specifications for ki s 
burst noise in the data bulletin, File Number 530. Contact o« 


NOTE: All types in any package style can be operated over the tem- 
perature range of -55°C to +125°C, although the published limits for 
certain electrical specifications apply only over the temperature 


your Sales Representative for information pertinent to other 
operational amplifier types that meet low burst noise 
specifications. 


range of 0°C to +70°C. 
Pinouts 
CA741, CA741C (TO-5 CAN) CA1458, CA1558 (TO-5 CAN) 
TOP VIEW TOP VIEW 
NC V+ 


OFFSET OUTPUT 
NULL (A 


1 OUTPUT 
cf eae 


INV. INV. INPUT /s\ INV. INPUT 
INPUT (6) ouT (A) 7 
-INV. OFFSET NON-INV. ON-INV. 
none SO Rit INPUT YA iii INPUTS) 
V- y- 
CA741, CA741C (PDIP) CA1458, CA1558 (PDIP) 
TOP VIEW TOP VIEW 
OFFSET NULL | 1, Ig | NC ery V+ 
INV. INPUT [2] V+ OUTPUT (B) 
NON-INV. INPUT | 3| 6 | OUTPUT NON-INV. INPUT (A) | 3 | INV. INPUT (B) 


15 | OFFSET NULL '5 | NON-INV. INPUT (B) 


* Technical Data on LM Branded types is identical to the corresponding CA Branded types. ; 531.2 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number . 
Copyright © Harris Corporation 1993 9.37 


Specifications CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage (Between V+ and V- Terminals) Storage Temperature Range..........-.-2eees -65°C to +150°C 
CAF eR UEE ) 5's nis we ev cigs Rees es pnen 36V Operating Temperature Range 
CAT41, CA1S58:(Note 3) i. ine co ia eb ie ees te edie’ 44V COR POG, so 3 oc ve vv ee's ike e650 ne -55°C to +125°C 
Differential Input Voltage. ........... cece eee ewe eee ween 30V CAEOAG CAINSG ~ 20.6 iS eee 0°C to +70°C (Note 4) 
Be UO en oon os x bos ons coke cess ake SAS +15V 
Offset Terminal to V- Terminal Voltage (CA741C, CA741) ....+0.5V 
Output Short Circuit Duration. ........... 0c eee eee Indefinite 
Power Dissipation 
Upto s7OMCHICATAIG): oii a). Cie sieee HGS 500mWw 
Lin 10 +75 5G ICAPAR ciiidwis foie ss Sige ses 500mW 
Up 10 400°C (CA1558) 5 iia ican ds iiive'neree bees 680mW 
Rs Pe bier ns s s kao cies ces oeunns tues 680mW 
For Temperatures exceeding 
those indicated above............. Derate Linearly 6.67mW/°C 
Junction Temperature «ccs cies aise ks REO Cee cee eeles +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.).............+46- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical Values Intended Only for Design Guidance, V+ = t15V 


Input Capacitance 
Offset Voltage Adjustment Range 
Output Resistance 


Output Short Circuit Current 


Transient Response Unity Gain, V; = 20mV, R, = 2kQ, 


C, < 100pF 


CA741C, CA1458 (NOTE 1) 
TEMPERATURE TYP UNITS 
mV 


0°C to +70°C 


Input Offset Current 
canes Gi) ak MEE go 
Input Bias Current 
a | 


Vio 
Ao 


Open Loop Differential Voltage Ry 2 2kQ, 
Gain Vo = t10V 


0°C to +70°C 


Common Mode Input Voltage Vicr +25°C 
Range 


Common Mode Rejection Ratio CMRR | Re < 10kQ 


Rise Time 


Overshoot 


Slew Rate (Closed Loop) 


Electrical Specifications For Equipment Design, V+ = +15V 


PARAMETERS SYMBOL 


Input Offset Voltage 


TEST 
CONDITIONS 


Rg < 10kQ 


20,000 | 200,000 


=| 3 


+12 +13 
70 


oo N 
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Specifications CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 


Electrical Specifications For Equipment Design, V+ = +15V (Continued) 


LIMITS 
CA741C, CA1458 (NOTE 1) 


TEST 
PARAMETERS SYMBOL | CONDITIONS TEMPERATURE 
Output Voltage Swing Vopp R, 2 10kQ +25°C 


+25°G 
0°C to +70°C 

+25°C 

+25°C 


Ry 2 2k 


Supply Current 
Device Dissipation 
NOTE: 1. Values Apply for Each Section of the Dual Amplifiers 


Pe 


Electrical Specifications For Equipment Design, V+ = +15V 


LIMITS 
CA741, CA1558 (NOTE 1) 
TYP 


TEST 
PARAMETERS SYMBOL /| CONDITIONS | TEMPERATURE 


Input Offset Voltage Vio +25°C 


-55°C to +125°C 
Input Offset Current 


UNITS 


< 


m 


< 


m 


+25°C 
-55°C 
+125°C 


+25°C 

-55°C 

+125°C ios, 
Sarees ee 


Open Loop Differential Voltage Ao. R, 2 2kQ, +25°C 50,000 | 200,000 
i Vo = t10V 

— = 55°C 10 +125°C | 25,000 _ 

Common Mode Input Voltage Vicr oe -55°C to +125°C 

Range 


Common Mode Rejection Ratio CMRR- | Res 10kQ -55°C to +125°C fe eee ee ee 
Supply Voltage Rejection Ratio Rg s 10kQ -55°C to +125°C oe 


Output Voltage Swing Vopp Ry 2 10kQ “55°C to +125°C $12 +14 
Supply Current It +25°C 


-55°C 
Device Dissipation 


OPERATIONAL 
AMPLIFIERS 


> 
> 


Input Bias Current 


2 
> 


7 


< 


uo 


+125°C 
+25°C 

-55°C 

+125°C 


BODGCCEEE 


NOTES: 
1. Values Apply for Each Section of the Dual Amplifiers 
2. If supply voltage is less than +15V, the Absolute Maximum Input Voltage is equal to the Supply Voltage 
3. Voltage values apply for each of the dual operational amplifiers 


4. All types in any package style can be operated over the temperature range of -55°C to +125°C, although the published limits for certain 
electrical specification apply only over the temperature range of 0°C to +70°C 
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CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 


Schematic Diagram 
CA741C, CA741 AND FOR EACH AMPLIFIER OF THE CA1458 AND CA1558 


INVERTING 
INPUT 


NON-INVERTING 
INPUT 


* See Functional Diagram for Terminal Numbers of Respective Type Numbers. 
NOTE: All Resistance Values are in Q 
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CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 


Typical Performance Curves 


COMMON MODE INPUT RANGE (V) 


0 5 10 


VOLTAGE FOR ALL TYPES 


OUTPUT (mV) 


INVERTING , 
INPUT 


NON-INVERTING , 
INPUT 


FIGURE 4. OFFSET VOLTAGE NULL CIRCUIT FOR CA741C 


AND CA741 


OUTPUT SWING (Vp-p) 


15 20 
DC SUPPLY (V+, V-) 


FIGURE 1. COMMON MODE INPUT VOLTAGE RANGE vs SUPPLY 


ALL TYPES 


DC SUPPLY VOLTS (V+ = 18, V- = -15) ae 

Ta = +25°C, C; = 100pF Poe te 
ABR e ei See eaee 
anak Aes eee ee 
pest tT ft 
Pa ee Oe ee 
Pe Sh eee ee eee 
SP ide Aba 
a Sy) Be i BR a Ss 
Ce ee eg 
ee eee fo 
seve T | | T1111 


15 


OF. Oe ae AOS f S86 O20 28 88 
TIME (us) 


FIGURE 3. OUTPUT VOLTAGE vs TRANSIENT RESPONSE TIME FOR CA741C AND CA741 
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FIGURE 2. OUTPUT VOLTAGE vs SUPPLY VOLTAGE FOR 


10 15 20 
DC SUPPLY (V+, V-) 


OPERATIONAL 
AMPLIFIERS 


FIGURE 5. TRANSIENT RESPONSE TEST CIRCUIT FOR ALL 


CA741C, CA741, CA1458, CA1558, LM741, LM741C, LM1458, LM1558 


Metallization Mask Layout 


CA741CH 


re |x 4-10 
? | (0.102 - 0.254) 


61-69 
(1.549 - 1.753) 


CA1458H 


a 


52 - 60 
(1.321 - 1.524) 


0 ——_ 
| =< 4-10 
(0.102 - 0.254) 
101-109 
(2.565 - 2.768) 


NOTE: Dimensions in parentheses are in millimeters and are de- 
rived from the basic inch dimensions as indicated. Grid grad- 
uations are in mils (10° inch) 
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FiARRIS 


SEMICONDUCTOR 


CA3020 


Multipurpose Wide-Band Power Amps Military, Industrial 
and Commercial Equipment at Frequency Up to 8MHz 


aD 


March 1993 


Features 
e High Power Output Class B Amplifier 


Description 
The CA3020 and CA3020A are integrated-circuit, multi- 


NE aicinele gs uaa dah Keak ene ek 0.5W Typ. atVcc =+9V stage, multipurpose, wide-band power amplifiers on a single 
BRON oe ce aah be ee 1.0W Typ. at Veg +12V. Monolithic silicon chip. They employ a highly versatile and 
° Wide Frequency Range ... Up to 8MHz With Resistive Loads _— direct Sane: patel configuration featuring wide 
<Men tose Gsin...:.. 75dB Typ. ‘oquency range, nigh voltage and power gain, and high 
. power output. These features plus inherent stability over a 
* Single Power Supply For Class B Operation With Transformer = wigg temperature range make the CA3020 and CA3020A 
~ CAS020 00. cece cece e cece eee teen eee e eee 3Vto9V extremely useful for a wide variety of applications in military, 

eR INIEAS. oh wei 4.8 959 ad's brace t has cea ens 3Vto12V industrial, and commercial equipment. 


¢ Built-in Temperature-Tracking Voltage Regulator Provides 
Stable Operation Over -55°C to +125°C Temperature Range 


Applications 


e AF Power Amplifiers For Portable and Fixed Sound and Commu- ; ' oil 
nications Systems power output from a 9V supply with the same power gain. < o 
¢ Servo-Control Amplifiers These types are supplied in hermetically sealed TO-5 style 12 o= 
e Wide-Band Linear Mixers lead packages. < = 
e Video Power Amplifiers Oy = 
¢ Transmission-Line Driver Amplifiers (Balanced and Unbalanced) Ordering Information a” 


e Fan-In and Fan-Out Amplifiers For Computer Logic Circuits 
¢ Lamp-Control Amplifiers 

¢ Motor-Control Amplifiers 

¢ Power Multivibrators 

¢ Power Switches 


¢ Companion Application Note, AN-5766, “Application of 
CA3020 and CA3020A Integrated Circuit Multipurpose Wide- 
Band Power Amplifiers” 


The CA3020 and CA3020A are particularly suited for service 
as Class B power amplifiers. The CA3020A can provide a 
maximum power output of 1W from a 12VDC supply with a 
typical power gain of 75dB. The CA3020 provides 0.5W 


PART TEMPERATURE 
NUMBER RANGE 
CA3020 -55°C to +125°C | 12PinCan 
CA3020A -55°C to +125°C 12 Pin Can 


Pinout Schematic Diagram 
CA3020, CA3020A 
(CAN) 
TOP VIEW 
Vy 
BUFFER AMP 
OUT 
BUFFER 
AC DIFFIN (2) eo 
+g msi V2+ 
OUTPUT 
NPN-C D) vie 
OUTPUT © (6) D output 
NPN-E output = NPNC 
NPN-E 


The resistance values included on the schematic diagram have been supplied as a convenience to assist 
Equipment Manufacturers in optimizing the selection of “outboard” components of equipment designs. 
The values shown may vary as much as 30%. 

Harris reserves the right to make any changes in the Resistance Values provided such changes do not 
adversely affect the published performance characteristics of the device. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
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File Number 339.2 


Specifications CA3020, CA3020A 


Absolute Maximum Ratings 


Power Dissipation 


Without Heat Sink 
Ri a a ek SS sider arama 1W 
Above Ty = +25°C.......... 00ers Derate Linearly 6.7mW/°C 
With Heat Sink 
BEA ee sv oais <p e Noa AE cad ON > eV weer Enea 2wW 
AtTc= +25°C to To= $65°C. ke cicce ov doin ere 2W 
Above T, = +55°C............. Derate Linearly 16.7 mwW/°'C 
Junction: Tamera F526 PE es +175°C 
Junction Temperature (Plastic Package) .............-- +150°C 
Lead Temperature (Soldering 10 Sec.).........-..eeees +300°C 


Operating Conditions 
Operating Temperature Range ...........-+-+- -55°C to +125°C 
Storage Operating Range............eeee eee -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Maximum Voltage Ratings Ty, = +25°C 


The following chart gives the range of voltages which can be applied to the terminals listed vertically with respect 
to the terminals listed horizontally. For example, the voltage range of the vertical Terminal 1 with respect to 


Terminal 12 is OV to +10V. 


TERM 
NO. 


NOTES: 
1. This voltage is established by the maximum current rating. 


Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 5 +3 Note 4} +10 
0 Note 1 0 
-10/-12 
ee eer 
-2 


Note 5 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 5 
+18/+25 
0 


Note 4 | Note 4 | Note 4 | Note 4 | Note 4 | Note 4 + 
Note 2 
Note 5 | Note 4 | Note 4 | Note 4 | Note 4 
0 
-18/-25 
timege a8 


Maximum 
Current Ratings 


+2 
-2 


+ 

ad 
Nh 
oi 


3 
+3 
Note 2 


+ 

ae 
nN 
on 


aS +10 | Note 1 


+ 
ak 
o8 
—s 
MN 


1 
0 0 


z 
2. 
fe) 

os 


Yale} s+ 
cwvaad ee r 


strate 


2. The emitters of Q6 and Q7 may be returned to a negative voltage supply through emitter resistors. Current into terminal No. 9 should not 
be exceeded and the total device dissipation should not be exceeded. 


3. Terminal No. 8 may be connected to terminals No. 9, 11, or 12. 


4. Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be safe if the specified limits 


between all other terminals are not exceeded. 
5. Higher value is for CASO20A. 


2-44 


Specifications CA3020, CA3020A 


Electrical Specifications T, = +25°c 


TEST CONDITIONS 
CIRCUIT & DC SUPPLY 
PROCEDURE; VOLTAGE LIMITS CA3020 
Collector-to-Emitter V(BR)CER 1 (Note 1) 
Breakdown Voltage, 
Qs and Q; at 10mA 
Collector-to-Emitter V(BR)CEO 
Breakdown Voltage, 
Q; at 0.1mA 
Idle Currents, Q, and Q, I, IDLE 7 
I, IDLE 
Peak Output Currents, I,PK 7 
Q, and Q, l7PK 
Cutoff Currents, Q, and Q, | |, CUTOFF z 
l, CUTOFF 


LIMITS CA3020A 


EEE ae 


ba a 


EEEE 


Differential Amplifier 7 
Current Drain 


oS 
AMPLIFIERS 


OPERATIONAL 


Q, Cutoff (Leakage) 
Currents: 
Collector-to-Emitter 


Forward Current Transfer 
Ratio, Q; at 3mA 


Bandwidth at -3dB Point 


_ Pe das 


a 
ro) 


Zz 
oO 
ie|- 
EEN 
~— 


4 
8 
o 


Maximum Power Output 


a 

2 

= 
Ine 

dR Up 
Bis 


g 

oO 
ez 
® 8 
nN 
— 


5 

on 
oO 
nN 
~—" 


ow 
on 
—_, 
— 


3 


Input Resistance - 
Terminal 3 to Ground 
Junction-to-Case B5c 
Thermal to Resistance 


NOTES: 
1. Rog = 1300 
2. Rec = 2002 


: 


Sensitivity for Poyt = 
800mW 
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Specifications CA3020, CA3020A 


Typical Performance Data (Note 1) A heat sink is recommended for high ambient temperature operation. 


PARAMETERS 


Power Supply Voltage 


Differential Amplifier 


Zero Signal Current 


Output Amplifier 


Differential Amplifier 


Maximum Signal Current 


Output Amplifier 


o 
3 


Maximum Power Output at THD = 10% 
Signal-to-Noise Ratio S/N 


NOTE: 
1. Refer to Figures 7 through 11 for measurement and symbol information. 


5 


CA3020 
CA3020A 


-Ven(CER) 
Q6 


(a) COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE (b) TYPICAL AUDIO AMPLIFIER CIRCUIT UTILIZING THE 
(Q6 AND Q7) CIRCUIT CA3020 OR CA3020A AS AN AUDIO PREAMPLIFIER AND 
CLASS B POWER AMPLIFIER 
FIGURE 1. 
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CA3020, CA3020A 


+9V 


+2V 


Ley 


Te Pec 


POWER AMPLIFIER OUTPUT, lg, fy (mA) 


75 50 25 0. 25 
I, “ON” +> I, “ON” 
DIFFERENTIAL AMPLIFIER INPUT, V23 (mV) 
(a) TEST SETUP (b) CHARACTERISTICS WITH Ri, SHORTED OUT 
FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


+9V < wd 
: = - a 
Ries ttre] ie 
RNS eel 
acl a eee 
rie aA fo 
5 / 
| AAP 
76.80. 0 os 


Ig “ON” ++-> |7 “ON” 
DIFFERENTIAL AMPLIFIER INPUT, V23 (mV) 
(a) TEST SETUP _ (b) CHARACTERISTIC WITH Ro IN CIRCUIT 

FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS 


+9V 


(MAX. ly CURRENT 
WITH PIN 2 
RETURNED TO GND 
THROUGH 10kQ) 


POWER AMPLIFIER OUTPUT, I, ly (mA) 


(MAX. lg CURRENT 
WITH PIN 3 

RETURNED TO GND 
THROUGH 10kQ) POWER AMPLIFIER COLLECTOR VOLTAGE, V4, V7 (V) 


(a) TEST SETUP (b) CHARACTERISTIC 
FIGURE 4. “MINIMUM DRIVE” TYPICAL CURRENT-VOLTAGE SATURATION CURVE 
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CA3020, CA3020A 


loc 
seccues 


Voci 


+2V 


a Fe: 


lee. 


DIFFERENTIAL AMPLIFIER CURRENT (mA) 


DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE (V) 


(a) TEST SETUP (b) DIFFERENTIAL AMPLIFIER CHARACTERISTICS 


ZERO SIGNAL OUTPUT 
AMPLIFIER CURRENT (mA) 


DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE (V) 


(c) OUTPUT AMPLIFIER CHARACTERISTICS 
FIGURE 5. ZERO SIGNAL AMPLIFIER CURRENT vs DIFFERENTIAL AMPLIFIER SUPPLY VOLTAGE 


Ioc1 
ne 


Veci 


+2V 


ZERO SIGNAL DIFFERENTIAL 
AMPLIFIER CURRENT (mA) 


50 -25 O 25 50 75 100 125 150 
TEMPERATURE (°C) 


(a) TEST SETUP (b) DIFFERENTIAL AMPLIFIER CHARACTERISTICS 
FIGURE 6. ZERO SIGNAL AMPLIFIER CURRENT vs AMBIENT TEMPERATURE 
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CA3020, CA3020A 


ZERO SIGNAL OUTPUT 
AMPLIFIER CURRENT (mA) 


50 0 50 100 150 
TEMPERATURE (°C) 


(c) OUTPUT AMPLIFIER CHARACTERISTICS 
FIGURE 6. ZERO SIGNAL AMPLIFIER CURRENT vs AMBIENT TEMPERATURE (Continued) 


Vec1 Voc2 


OPERATIONAL 
AMPLIFIERS 


l,-CUTOFF | CLOSE } OPEN | 
|, -CUTOFF | OPEN CLOSE 


FIGURE 7. STATIC CURRENT AND VOLTAGE TEST CIRCUIT 
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CA3020, CA3020A 


PROCEDURES: 


. Apply desired value of Voc; and Voce 
. Apply 1kHz input signal and adjust for e;y = SmV (rms) 
. Record the resulting value of egy in dB (reference value) 


. Vary input-signal frequency, keeping @), constant at SmV, 
and record frequencies above and below 1kHz at which 
@out decreases 3dB below reference value 


5. Record bandwidth as frequency range between -3dB 
points 


& ©ONH — 


FIGURE 8. MEASUREMENT OF BANDWIDTH AT -3dB POINTS 


PROCEDURES: 
Zero-Signal DC Current Drain 
1. Apply desired value of Voc; and Voc and reduce ej, to OV 


2. Record resulting values of I¢c; and I¢co in mA as Zero- 
Signal DC Current Drain 


Maximum-Signal DC Current Drain, Maximum Power Output, 
Circuit Efficiency, Sensitivity, and Transducer Power Gain 


1. Apply desired value of Voc; and Voce and adjust ey to 
the value at which the Total Harmonic Distortion in the 
output of the amplifier = 10% 

2. Record resulting value of loc; and loco in mA as Maximum 
Signal DC Current Drain 

3. Determine resulting amplifier power output in watts and 
record as Maximum Power Output (Pour) 


4. Calculate Circuit Efficiency (n) in % as follows: 


p 
a ee =a 
Goce. C62 6Ce 
*T: PUSH-PULL OUTPUT TRANSFORMER; where Poy is in watts, Voc; and Voce are in volts, and 
LOAD RESISTANCE (R,) SHOULD BE loc; and Ioce are in amperes. 
SELECTED TO PROVIDE INDICATED ; ae 
COLLECTOR-TO-COLLECTOR LOAD 5. Record value of e;, in mV (rms) required in Step 1 as Sen- 
IMPEDANCE (Rec) sitivity (@\x) 
6. Calculate Transducer Power Gain (Gp) in dB as follows: 
Pout 


G. =1000,,.———— 
P 10 Pin 


SINT 


3000 + Rinc10) * 


**See Figure 10 for definition of Rinc10) 


FIGURE 9. MEASUREMENTS OF ZERO-SIGNAL DC CURRENT DRAIN, MAXIMUM-SIGNAL DC CURRENT DRAIN, MAXIMUM 
POWER OUTPUT, CIRCUIT EFFICIENCY, SENSITIVITY, AND TRANSDUCER POWER GAIN 


where Pin (inmW) = 
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CA3020, CA3020A 


PROCEDURES: 

*Ycc1 *¥cc2 Input Resistance Terminal 10 to Ground (Rinio) 
1. Apply desired value of Voc, and Veco and set S in Position 1 
2. Adjust 1-kHz input for desired signal level of measurement 
3. Adjust R for e = e,/2 
4. Record resulting value of R as Rinyo 

Input Resistance Terminal 3 to Ground (Rijs) 
1. Apply desired value of Voc; and Veco set S in Position 2 
2. Adjust 1-kHz input for desired signal level of measurement 
3. Adjust R for @, = e,/2 
4. Record resulting value of R as Riy3 


DISTORTION 
ANALYZER 
HEWLETT- 
PACKARD 
TYPE 302A 
OR 
EQUIVALENT 


OPERATIONAL 
AMPLIFIERS 


VOLTMETER 
BALLANTINE- 
MODEL 320 


*T: PUSH-PULL OUTPUT TRANSFORMER; 
LOAD RESISTANCE (R,) SHOULD BE 5uF 
SELECTED TO PROVIDE INDICATED 
COLLECTOR-TO-COLLECTOR LOAD ois 


OR 
EQUIVALENT 


IMPEDANCE (Rec) 
PROCEDURES: 
Signal-to-Noise Ratio Total Harmonic Distortion 
1. Close S; and S3; open S, 1. Close S1 and S2; open S3 
2. Apply desired values of Voc; and Veco 2. Apply desired values of Voc; and Veco 
3. Adjust e), for an amplifier output of 150mW and resulting 3. Adjust @)y for desired level amplifier output power 
value of Eour in dB as egur; (reference value) 4. Record Total Harmonic Distortion (THD) in % 
4. Open S, and record resulting value of egyz in dB as gyro 


®ouTI1 
®ouT2 


5. Signal-to-Noise Ratio (S/N) = 20I09 49 


FIGURE 11. MEASUREMENT OF SIGNAL-TO-NOISE RATIO AND TOTAL HARMONIC DISTORTION 


2-51 


ARS CA3060 


Operational Transconductance 
March 1993 Amplifier Arrays 


Features Description 


e Low Power Consumption as Low as 100mW_ The CA3060 monolithic integrated circuit consists of an array of three 

Per Amplifier independent Operational Transconductance Amplifiers.* This type of 
amplifier has the generic characteristics of an operational voltage 
amplifier with the exception that the forward gain characteristic is best 
e High Forward Transconductance described by transconductance rather than voltage gain (open-loop 
voltage gain is the product of the transconductance and the load 
resistance, gm). When operated into a suitable load resistor and 


e Independent Biasing for Each Amplifier 


Programmable Range of input Characteristics 


¢ Low Input Bias and input Offset Current with provisions for feedback, these amplifiers are well suited for a 
wide variety of operational-amplifier and related applications. In 
¢ High Input and Output Impedance addition, the extremely high output impedance makes these types 


¢ No Effect on Device Under Output Short-Circuit Particularly well suited for service in active filters. 


Conditions The three amplifiers in the CA3060 are identical push-pull Class A 

e Zener Diode Bias Regulator types which can be independently biased to achieve a wide range of 
characteristics for specific application. The electrical characteristics of 

App lications each amplifier are a function of the amplifier bias current (lapc). This 


feature offers the system designer maximum flexibility with regard to 

e For Low Power Conventional Operational output current capability, power consumption, slew rate, input resis- 

Amplifier Applications tance, input bias current, and input offset current. The linear variation 

of the parameters with respect to bias and the ability to maintain a 

Active Filters constant de level between input and output of each amplifier also 

Comparators makes the CA3060 suitable for a variety of nonlinear applications 
such as mixers, multipliers, and modulators. 


e Gyrators 
. Mi In addition, the CA3060 incorporates a unique Zener diode regulator 
ae system that permits current regulation below supply voltages normally 
e Modulators associated with such systems. 
e¢ Multiplexers * Generic applications of the OTA are described in AN-6668. For improved in- 
© Multipli put operating ranges, refer to CA3080 and CA3280 data bulletins (File Nos. 
ultipliers 475 and 1174) and application notes AN-6668 and AN-6818. 
e Strobing and Gating Functions 
e Sample and Hold Functions 
Pinout Ordering Information 
‘her PART TEMPERATURE rane 
TOP VIEW NUMBER RANGE 


CA3060E -40°C to +85°C 16 | 16 Lead Plastic DIP | Plastic DIP 


REGULATOR OUT ar 16] OUTPUT NO. 1 
REGULATOR IN [2 | 15] BIAS NO. 1 
V+ [3 14] NON-INV. INPUT NO. 1 
INV. INPUT NO. 3 | 4 | 13] INV. INPUT NO. 1 
NON-INV. INPUT NO. 3 | 5_ 12] INV. INPUT NO. 2 
BIAS NO. 3 | 6. 11] NON-INV. INPUT NO. 2 
OUTPUT NO. 3 10] BIAS NO. 2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 537.2 
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Specifications CA3060 


Absolute Maximum Ratings 


Supply Voltage (Between V+ and V- Terminals). ...... 36V (+18V) 
co Eo RSS Oe ere are eee er ron owg es eae V+ to V- 
Differential Input Voltage (each amplifier).................0. 5V 
Input Current (each amplifier) ...............0... 0 cece eee timA 
Amplifier Bias Current (each amplifier)..................6- 2mA 
Bias Regulator Input Current ............. 20.0 cece wees -5mA 
Output Short Circuit Duration (Note 3)................ Indefinite 
UNOS HONTIDOTRUNO 6a ccs 0s ccc nc dveeeccebhcee +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature ( Soldering 10 Sec.) ................ +300°C 


Operating Conditions 
Storage Temperature Range................-. -65°C to +150°C 
Operating Temperature Range ................. -40°C to +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 1, = +25°C, V+ = 15V, V- = -15V 


lapc = 1A 
PARAMETERS 


Input Offset Voltage Vio 
(See Figure 1) 

Input Offset Current 

(See Figure 2) 


ECOCEEED 


Peak Output Voltage 
(See Figure 7) 


Positive 


14.7 


Amplifier Supply Current (each 
amplifier) 
(See Figures 8, 9) 


Power Consumption 
(each amplifier) 


Input Offset Voltage Sensitivity 
(Note 1) 


Positive 


Amplifier Bias Voltage Vasc 
(Note 2, See Figure 10) 


AV, o/ AV+ 


So 
o> 


Forward Transconductance 
(large signal) 
(See Figures 11, 12) 


Common Mode Rejection Ra- CMRR 
tio 

Common Mode Input Voltage Vicr +12 to | +13 to 
Range -12 -14 


DYNAMIC CHARACTERISTICS (At 1kHz, Unless Specified Otherwise) 


DYNAMIC CHARACTERISTICS (At 1kHz, Unless Specified Otherwise) Continued 


LIMITS 
AMPLIFIER BIAS CURRENT 


14.7 


re 313 ae 


El= 
Tisi> 


+12 to | +13 to 
-12 -14 
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OPERATIONAL 
AMPLIFIERS 


Specifications CA3060 


Electrical Specifications T, = +25°C, V+ = 15V, V- = -15V (Continued) 


LIMITS 
AMPLIFIER BIAS CURRENT 


Input Impedance Components 
Resistance (See Figure 14) 


NOTES: 


1. Conditions for Input Offset Voltage Sensitivity 
a. Bias current derived from the regulator with an appropriate resistor connected from Terminal 1 to the bias terminal on the amplifier 
under test V+ is reduced to +13V for V+ sensitivity and V- is reduced to -13V for V- sensitivity. 


V Ofesl. V Offset for +13V and -15V Supplies 


b. V+ Sensitivity in uv/V = 1V 
V Offecti” V Offset for -13V and +15V Supplies 
V- Sensitivity in wv/V = iV 


2. Temperature Coefficient; -2.2mV/°C (at Vapc = 0.54, lagc = 1pA); -2.1mV/C (at Vagc = 0.060V, lage = 10pA); -1.9mV/°C (at Vasc = 0.66V, 
lapc = 100A) 
3. Short circuit may be applied to ground or to either supply 


Schematic Diagram 
BIAS REGULATOR AND ONE OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 


ZENER BIAS REGULATOR 


FRAP ABAABABAABABAABAABD ABABA 


oO 
cE 
seed 


SOR US a ae een 
Qs 


SSS sees eseesesey 


FRAP ABPAPAAAABA AAAS AAA AaAAAa As 


INVERTING INPUT 


(NOTE 1) 9 OUTPUT (NOTE 4) 
NON-INVERTING INPUT a Qs 


(NOTE 2) Inge, 
AMPLIFIER BIAS INPUT 


eae eo 
oo 
NOTES: 


1. Inverting Input of Amplifiers 1, 2 and 3 is on Terminals 13, 12 and 4, respectively. 

2. Non-inverting Input of Amplifiers 1,2 and 3 is Terminals 14, 11 and 5, respectively. 

3. Amplifier Bias Current of Amplifiers 1,2 and 3 is on Terminals 15, 10 and 6, respectively. 
4. Output of Amplifiers 1, 2 and 3 is on Terminals 16, 9 and 7, respectively. 
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CA3060 


Typical Performance Curves 


SUPPLY VOLTAGE: 
V+ = 6V, V- = -6V 
V+ = 15V, V- = -15V 


is 
é ae 
a 
ae 


INPUT OFFSET VOLTAGE (mV) 
INPUT OFFSET CURRENT (nA) 


AMPLIFIER BIAS CURRENT (A) AMPLIFIER BIAS CURRENT (A) 
FIGURE 1. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS FIGURE 2. INPUT OFFSET CURRENT vs AMPLIFIER BIAS 
CURRENT CURRENT 


OPERATIONAL 
AMPLIFIERS 


INPUT BIAS CURRENT (yA) 
INPUT BIAS CURRENT (yA) 


AMPLIFIER BIAS CURRENT (A) TEMPERATURE (°C) 
FIGURE 3. INPUT BIAS CURRENT vs AMPLIFIER BIAS CURRENT FIGURE 4. INPUT BIAS CURRENT vs AMBIENT TEMPERATURE 


06 


lapc = 100nA 


3 3 laBc = 30pA 
jus 
3 3 
3 3 
= 
3 6 10 — a 
7 SUPPLY VOLTAGE: = 
“ V+ = 6V, V- = -6V uw 
V+ = 15V, Ve = -15V 
' 
1 10 100 4000 75 50 -25 0 2 50 75 100 125 
AMPLIFIER BIAS CURRENT (A) TEMPERATURE (°C) 
FIGURE 5. PEAK OUTPUT CURRENT vs AMPLIFIER BIAS FIGURE 6. PEAK OUTPUT CURRENT vs AMBIENT TEMPERA- 


CURRENT 
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CA3060 


Typical Performance Curves (Continued) 


WHEN Ew Ss a See GO ab. 
ra a Ed aa 
Vom (MIN) ——17_ | I 


 218¥'5t is Se ee 
oni we 9 


Vom (TYP) 
£15V SUPPLY 


Vom+ (MIN) 


O ) 


(MIN) 
+6V SUPPLY 


PEAK OUTPUT VOLTAGE (V) 


— Vom: (TY 


Vour (MIN) — 46V SUPPLY 


+15V SUPPLY 


bee Bie ia 8 ae 
1 


OM ) 
+15V SUPPLY 


AMPLIFIER BIAS CURRENT (A) 


FIGURE 7. PEAK OUTPUT VOLTAGE vs AMPLIFIER BIAS 
CURRENT 


SPRTUSEES EBS see ee oes td 
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Typical Performance Curves (Continued) 
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FIGURE 17. SLEW RATE TEST CIRCUIT FOR AMPLIFIER 1 OF CA3060 
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Operating Considerations 


The CA3060 consists of three operational amplifiers similar 
in form and application to conventional operational amplifiers 
but sufficiently different from the standard operational 
amplifier (op amp) to justify some explanation of their 
characteristics. The amplifiers incorporated in the CA3060 
are best described by the term Operational Transconduc- 
tance Amplifier (OTA). The characteristics of an ideal OTA 
are similar to those of an ideal op amp except that the OTA 
has an extremely high output impedance. Because of this 
inherent characteristics the output signal is best defined in 
terms of current which is proportional to the difference 
between the voltages of the two input terminals. Thus, the 
transfer characteristics is best described in terms of 
transconductance rather than voltage gain. Other than the 
difference given above, the characteristics tabulated are 
similar to those of any typical op amp. 


The OYA circuitry incorporated in the CA3060 (Figure 18) 
provides the equipment designer with a wider variety of 
Circuit arrangements than does the standard op amp; 
because as the curves indicate, the user may select the 
optimum circuit conditions for a specific application simply by 
varying the bias conditions of each amplifier. If low power 
consumption, low bias, and low offset current, or high input 
impedance are primary design requirements, then low 
current operating conditions may be selected. On the other 
hand, if operation into a moderate load impedance is the 
primary consideration, then higher levels of bias may be 
used. 


INPUT 


AMPLIFIER 
BIAS 
CURRENT NON- 
Passe INVERTING 
INPUT 


V- 


COMPLETE OTA CIRCUIT 


FIGURE 18. COMPLETE SCHEMATIC DIAGRAM SHOWING 
BIAS REGULATOR AND ONE OF THE THREE OP- 
ERATIONAL TRANSCONDUCTANCE AMPLIFIERS 


Bias Consideration for Op Amp Applications 


The operational transconductance amplifiers allow the circuit 
designer to select and control the operating conditions of the 
circuit merely by the adjustment of the amplifier bias current 
lagc. This enables the designer to have complete control 
over transconductance, peak output current and total power 
consumption independent of supply voltage. 


In addition, the high output impedance makes these amplifi- 
ers ideal for applications where current summing is involved. 


The design of a typical operation amplifier circuit (Figure 19) 
would proceed as follows: 


Circuit Requirements 

Closed Loop Voltage Gain = 10 (20dB) 
Offset Voltage Adjustable to Zero 
Current Drain as Low as Possible 
Supply Voltage = +6V 

Maximum Input Voltage = +50mV 
input Resistance = 20kQ 

Load Resistance = 20kQ 

Device: CA3060 


INPUT ¢ 
+6V 

R 
OFFSET 
<4MQ 


€6V 


FIGURE 19. 20dB AMPLIFIER USING THE CA3060 


Calculation 


1. Required Transconductance g21. Assume that the 
open loop gain Ap, must be at least ten times the closed 
loop gain. Therefore, the forward transconductance 
required is given by: 


9o1 = Ao /RL 
= 100/18kQ 
= 5.5mmho 
(Ry, = 20kQ in parallel with 200kQ = 18kQ) 


2. Selection of Suitable Amplifier Bias Current. The am- 
plifier bias current is selected from the minimum value 
curve of transconductance (Figure 11) to assure that the 
amplifier will provide sufficient gain. For the required go; 
of 5.5mmho an amplifier bias current lagc of 20nA is 
suitable. 


3. Determination of Output Swing Capability. For a loop 
gain of 10 the output swing is +0.5V and the peak load 
current 251A. However, the amplifier must also supply 
the necessary current through the feedback resistor and 
for Rg = 20kQ than Re = 200kQ if Ag, = 10. Therefore, 
the feedback loading = 0.5/200kQ = 2.5p1A. 

The total amplifier current output requirements are, there- 
fore, +27.5A. Referring to the data given in Figure 5, we 
see that for an amplifier bias current of 201A the amplifier 
Output current is t40u1A. This is obviously adequate and it 
is not necessary to change the amplifier bias current lage. 
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4. Calculation of Bias Resistance. For minimum supply 
current drain the amplifier bias current lagc should be fed 
directly from the supplies and not from the bias regulator. 
The value of the resistor Rago may be directly calculated 
using Ohm’s law. 


oe a 
ABC 
20 x 10 


568.5kQ or =560kQ 


5. Calculation of Offset Adjustment Circuit. In order to 
reduce the loading effect of the offset adjustment circuit 
on the power supply, the offset control should be 
arranged to provide the necessary offset current. The 
source resistance of the non-inverting input is made 
equal to the source resistance of the inverting input. 


20x 200x 10°a 
QC Eee 


= 18kQ 
220 x 10° 


Because the maximum offset voltage is 5mV and an 
additional increment due to the offset current (Figure 2) 
flowing through the source resistance (i.e. 200 x 109 x 
18 x 10° volts), therefore, the Offset Voltage Range = 
5mV + 3.6mV = +8.6mV. The current necessary to 
provide this offset is 


8.6x 1079 
18x10 


or 0.48 nA 


With a supply voltage of +6V, this current can be 
provided by a 10MQ resistor. However, the stability of 
such a resistor is often questionable and a more realistic 
value of 2.2MQ was used in the final circuit. 


Other Considerations 


Capacitance Effects 


The CA3060 is designed to operate at such low power level 
that high impedance circuits must be employed. In designing 
such circuits, particularly feedback amplifiers, stray circuit 
Capacitance must always be considered because of its 
adverse effect on frequency response and stability. For 
example a 10kQ load with a stray capacitance of 15pF has a 
time constant of 1MHz. Figure 20 illustrates how a 10kQ 
15pF load modifies the frequency characteristic. 


Capacitive loading also has an effect on slew rate; because 
the peak output current is established by the amplifier bias 
current, lagc (Figure 5), the maximum slew rate is limited to 
the maximum rate at which the capacitance can be charged 
by the Ioy. Therefore, SR = dV/dt = Ioy/C,, where C, is the 
total load capacitance including strays. This relationship is 
shown graphically in Figure 21. When measuring slew rate 
for this data bulletin, care was taken to keep the total 
capacitive loading to 13pF. 
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FIGURE 20. EFFECT OF CAPACITIVE LOADING ON 
FREQUENCY RESPONSE 
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FIGURE 21. EFFECT OF LOAD CAPACITANCE ON SLEW RATE 


Phase Compensation 


In many applications phase compensation will not be 
required for the amplifiers of the CAS3O060. When needed, 
compensation may easily be accomplished by a simple RC 
network at the input of the amplifier as shown in Figure 17. 
The values given in Figure 17 provide stable operation for 
the critical unity gain condition, assuming that capacitive 
loading on the output is 13pF or less. Input phase compen- 
sation is recommended in order to maintain the highest 
possible slew rate. 


In applications such as integrators, two OTAs may be 
cascaded to improve current gain. Compensation is best 
accomplished in this case with a shunt capacitor at the 
output of the first amplifier. The high gain following compen- 
sation assures a high slew rate. 
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Applications 


Having determined the operating points of the CA3060 
amplifiers, they can now function in the same manner as 
conventional op amps, and thus, are well suited for most op 
amp applications, including inverting and non-inverting 
amplifiers, integrators, differentiators, summing amplifiers 
etc. 


Tri-Level Comparator 


Tri-level comparator circuits are an ideal application for the 
CA3060 since it contains the requisite three amplifiers. A tri- 
level comparator has three adjustable limits. If either the 
upper lower limit is exceeded, the appropriate output is 
activated until the input signal returns to a_ selected 
intermediate limit. Tri-level comparators are particularly 
suited to many industrial control applications. 


Circuit Description 


Figure 23 shows the block diagram of a tri-level comparator 
using the CA3060. Two of the three amplifiers are used to 
compare the input signal with the upper limit and lower limit 
reference voltages. The third amplifier is used to compare 
the input signal with a selected value of intermediate limit 
reference voltage. By appropriate selection of resistance 
ratios this intermediate limit may be set to any voltage 
between the upper limit and lower limit values. The output of 
the upper limit and lower limit comparator sets the corre- 
sponding upper or lower limit flip-flop. The activated flip-flop 
retains its state until the third comparator (intermediate limit) 
in the CA3060 initiates a reset function, thereby indicating 
that the signal voltage has returned to the intermediate limit 
selected. The flip-flops employ two CA3086 transistor array 
ICs, with circuitry to provide separate “SET” and “POSITIVE 
OUTPUT” terminals. 


0 V+ =6V Vs = 6V SATURATES WHEN 
: UPPER LIMIT IS 
INPUT SIGNAL EXCEEDED 
REGULATOR y) 
IN CA3060 y 
4 
V+=6V é 
4 
é 


1K 


UPPER LIMIT 
REFERENCE 
VOLTAGE 
INTERMEDIATE LIMIT 
REFERENCE VOLTAGE 
rp,  (Fu-& 
10k 2 lapc 
LOWER LIMIT 
REFERENCE 


VOLTAGE 


LOWER 
LIMIT IS 
EXCEEDED 
— K => 
NOTES: 1. Items in dashed boxes are external to the 2. Es > Ey 
CA3086. All resistance values are in Q. 
Es < Ee. 


WHEN INTERMEDIATE REFERENCE 
LIMIT IS EXCEEDED 


SATURATES WHEN 
LOWER LIMIT IS 
EXCEEDED 


CA3086 


LOWER LIMIT 
FLIP-FLOP 


Q, (ON) ,Q, (OFF) 


= = Q, (OFF),Q, (OFF) 


Q, (ON) 1Q, (OFF) 


FIGURE 22. TRI-LEVEL COMPARATOR CIRCUIT 
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CA3060 
TRI-LEVEL 
DETECTOR 


V+ 


REFERENCE SET 
CA3086 POSITIVE 
VOLTAGE FLIP-FLOP OUTPUT 
INPUT (WHEN UPPER 
SIGNAL == LMITIS 
REACHED) 
INTERMEDIATE 
LIMIT REFER- 
ENCE VOLTAGE 
LOWER LIMIT POSITIVE 
REFERENCE TPU 
VOLTAGE (WHEN LOWER 
LIMIT IS 
REACHED) 
FIGURE 23. FUNCTIONAL BLOCK DIAGRAM OF A TRI-LEVEL 


COMPARATOR 


The circuit diagram of a tri-level comparator appears in Figure 
22. Power is provided for the CA3060 via terminal 3 and 8 by 
+6V supplies and the built-in regulator provides amplifier bias 
current (lagc) to the three amplifiers via terminal 1. Lower limit 
and upper limit reference voltages are selected by appropriate 
adjustment of potentiometers R, and Ro, respectively. When 
resistors R3 and Rg are equal in value (as shown), the inter- 
mediate limit reference voltage is automatically established at 
a value midway between the lower limit and upper limit values. 
Appropriate variation of resistors R3 and R, permits selection 
of other values of intermediate limit voltage. Input signal (Es) 
is applied to the three comparators via terminals 5, 12 and 14. 
The “SET” output lines trigger the appropriate flip-flop when- 
ever the input signal reaches a limit value. When the input sig- 
nal returns to an intermediate value, the common flip-flop 
“RESET” line is energized. The loads in the circuits, shown in 
Figure 22 are 5V, 25mA lamps. 


TERMINAL 
A 


FIGURE 24. TWO OPERATIONAL TRANSCONDUCTANCE AM- 
PLIFIERS OF THE CA3060 CONNECTED AS A GY- 
RATOR IN AN ACTIVE FILTER CIRCUIT 


Active Filters - Using the CA3060 as a Gyrator 


The high output impedance of the OTAs makes the CA3060 
ideally suited for use as a gyrator in active filter applications. 
Figure 24 shows two OTAs of the CA3060 connected as a 
gyrator in an active filter circuit. The OTAs in this circuit can 
make a 3uF capacitor function as a floating 10kH inductor 
across Terminals A and B. The measured Q of 13 (at a 
frequency of 1Hz) of this inductor compares favorably with a 
calculated Q of 16. The 20kQ to 2MQ attenuators in this 
circuit extend the dynamic range of the OTA by a factor of 
100. The 100kQ potentiometer, across V+ and V-, tunes the 
inductor by varying the g21 of the OTAs, thereby changing 
the gyration resistance. 


Three Channel Multiplexer 


Figure 25 shows a schematic of a three channel multiplexer 
using a single CA3060 and a 3N153 MOSFET as a buffer 
and power amplifier. 


V+ = 15V V+=15V 


0.02 
LT 


V-=-15V = 


V- = -15V 
AY +15V STROBE “ON” 
STROBE -15V STROBE “OFF” 


FIGURE 25. THREE CHANNEL MULTIPLEXER 


300kQ 


When the CA3060 is connected as a high input impedance 
voltage follower, and strobe “ON”, each amplifier is activated 
and the output swings to the level of the input of the 
amplifier. The cascade arrangement of each CA3060 
amplifier with the MOSFET provides an open loop voltage 
gain in excess of 100dB, thus assuring excellent accuracy in 
the voltage follower mode with 100% feedback. Operation at 
+6V is also possible with several minor changes. First, the 
resistance in series with the amplifier bias current (lapc) ter- 
minal of each amplifier should be decreased to maintain 
100A of strobe “ON” current at this lower supply voltage. 
Second, the drain resistance for the MOSFET should be 
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decreased to maintain the same value of source current. 
The low cost dual gate protected MOSFET, 40841 type, may 
be used when operating at the low supply voltage. 


The phase compensation network consists of a single 390Q 
resistor and a 1000pF capacitor, located at the interface of the 
CA3060 output and the MOSFET gate. The bandwidth of the 
system is 1.5MHz and the slew rate is 0.3V/us. The system 
slew rate is directly proportional to the value of the phase 
compensation capacitor. Thus, with higher gain settings 
where lower values of phase compensation capacitors are 
possible, the slew rate is proportionally increased. 


Non-Linear Applications 


AM Modulator (Two Quadrant Multiplier) 


Figure 26 shows Amplifier 3 of the CA3060 used in an AM 
modulator or two quadrant multiplier circuit. When modula- 
tion is applied to the amplifier bias input, Terminal B, and the 
carrier frequency to the differential input, Terminal A, the 
waveform, shown in Figure 26 is obtained. Figure 26 is a 
result of adjusting the input offset control to balance the 
circuit so that no modulation can occur at the output without 
a carrier input. The linearity of the modulator is indicated by 
the solid trace of the superimposed modulating frequency. 
The maximum depth of modulation is determined by the ratio 
of the peak input modulating voltage to V-. 


The two quadrant multiplier characteristic of this modulator is 
easily seen if modulation and carrier are reversed as shown 
in Figure 26. The polarity of the output must follow that of the 
differential input; therefore, the output is positive only during, 
the positive half cycle of the modulation and negative only in 
the second half cycle. Note, that both the input and output 
signals are referenced to ground. The output signal is zero 
when either the differential input or lage are zero. 


Four Quadrant Multiplier 


The CA3060 is also useful as a four quadrant multiplier. A 
block diagram of such a multiplier, utilizing Amplifiers 1, 2 


CARRIER 


OUTPUT 


MODULATED 


and 3 is shown in Figure 27 and a typical circuit is shown in 
Figure 28. The multiplier consists of a single CA3060 and, 
as in the two quadrant multiplier, exhibits no level shift 
between input and output. In Figure 27, Amplifier 1 is 
connected as an inverting amplifier for the X-input signal. 
The output current of Amplifier 1 is calculated as follows: 


lo(1) = [-Vx] [921(1)] Equation 3 


Amplifier 2 is a non-inverting amplifier so that 


lo(2) = [+Vx] [921(2)] Equation 4 
Because the amplifier output impedances are high, the load 
current is the sum of the two output currents, for an output 
voltage 


Vo = VxR_ [921(2) - 921(1))] Equation 5 
The transconductance is approximately proportional to the 
amplifier bias current; therefore, by varying the bias current 
the g21 is also controlled. Amplifier 2 bias current is propor- 
tional to the Y-input signal and is expressed as 


(V-) + Vy 
' ABC(2) = ar ies Equation 6 
Hence, 
9o1(2) = k [(V-) + Vy] Equation 7 


Bias for Amplifier 1 is derived from the output of Amplifier 3 
which is connected as a unity gain inverting amplifier. lagcy1), 
therefore, varies inversely with Vy. And by the same reason- 
ing as above 


Qo3(1) = k [(V-) - Vy] Equation 8 


Combining Equations 5, 7 and 8 yields: 
Vo = Vx ek @ Ry {[(V-) + Vy] - [(V-) - Vy]} or Vo = 2KRLVxVy 


FIGURE 26. TWO QUADRANT MULTIPLIER CIRCUIT USING THE CA3060 WITH ASSOCIATED WAVEFORMS 
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FIGURE 27. FOUR QUADRANT MULTIPLIER 


Figure 28 shows the actual circuit including all the adjust- 
ments associated with differential input and an adjustment 
for equalizing the gains of Amplifiers 1 and 2. Adjustment of 
the circuit is quite simple. With both the X and Y voltages at 
zero, connect Terminal 10 to Terminal 8. This procedure 
disables Amplifier 2 and permits adjusting the offset voltage 
of Amplifier 1 to zero by means of the 100kQ potentiometer. 
Next, remove the short between Terminal 10 and 8 and 
connect Terminal 15 to Terminal 8. This step disables 
Amplifier 1 and permits Amplifier 2 to be zeroed with the 
other potentiometer. With AC signals on both the X and Y 
inputs, Rg and R,, are adjusted for symmetrical output 
signals. Figure 29 shows the output waveform with the 
multiplier adjusted. The voltage waveform in Figure 29a 
shows suppressed carrier modulation of 1kHz carrier with a 
triangular wave. 


Figures 29b and 29c, respectively, show the squaring of a 
triangular wave and a sine wave. Notice that in both cases 
the output is always positive and returns to zero after each 
cycle. 


FIGURE 28. TYPICAL FOUR QUADRANT MULTIPLIER CIRCUIT 


FIGURE 29. VOLTAGE WAVEFORMS OF FOUR QUADRANT MULTIPLIER CIRCUIT 
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March 1993 Micropower Operational Amplifier 
Features Description 
e Low Standby Power............. As Low As700nW The CA3078 and CA3078A are high gain monolithic 
e Wide Supply Voltage Range........... +0.75V to+15V operational amplifiers which can deliver milliamperes of 
¢ High Peak Output Current.............. 6.5mA min. current yet only consume microwatts of standby power. Their 
operating points are externally adjustable and frequency 
* Adjustable Quiescent Current compensation may be accomplished with one external 
¢ Output Short Circuit Protection capacitor. The CA3078 and CA3078A provide the designer 
: f with the opportunity to tailor the frequency response and 
Applications improve the slew rate without sacrificing power. Operation 
© Portable Electronics ° Telemetry with a single 1.5V battery is a practical reality with these 


¢ Medical Electronics e Intrusion Alarms 


e Instrumentation 


Ordering Information 


[ie [RE | 
NUMBER RANGE 


* Denotes Tape and Reel 


devices. 


The CA3078A is a premium device having a supply voltage 
range of V+ = 0.75V to Vt = 15V. The CA3078 has the same 
lower supply voltage limit but the upper limit is V+ = +6V and 
V- = -6V. 


Pinouts 


CA3078 (PDIP, SOIC) 
TOP VIEW 


COMP [1) | 8] COMP 


7) V+ 


INV. INPUT a 
NON-INV. 
V- 14) 5] BIAS 


CA3078 (TO-5 CAN) 
TOP VIEW 


NON-INV. (3) 
INPUT 


NOTE: Pin 4 is connected to case. 


Schematic Diagram 


CA3078 AND CA3078A 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 2-64 
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Specifications CA3078, CA3078A 


Absolute Maximum Ratings T, = +25°C Operating Conditions 
Supply Voltage (Between V+ and V- Terminal) Operating Temperature Range 
PRE iii po pec ce ie vale Fd eee ane oo 14V RAF ic oP a mare 8 ree Pe a ow bw Ee 0°C to +70°C 
MME Breas aks os teers Ce LA a ae nea can eee ee 36V ARTO 5 6 8 airs g ECO » Sacre OR -55°C to +125°C 
Shrpororitie ttt VONAGG... 5. cee ecw cet eccascous 6V Storage Temperature Range.................. -65°C to +150°C 
DE Rieti ga eta sb wale go kik Wha o re Wecpigitan how ioee V+ to V- 
Ct eT 8 SMS Gee taht oh RNG ce Bie ane et ee SRG eae 0.1mA 
Output Short Circuit Duration (Note 1)............. No Limitation 
GUNCUON TOMBOIAIUNOS . ec cc ccc clawcccscecteanes +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications For Equipment Design 
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Specifications CA3078, CA3078A 


Electrical Specifications 1, = +25°C, Typical Values Intended Only for Design Guidance 


TYPICAL VALUES 
ee eee 
V+ = +0.75V, V+ = +1.3V, 
V- = -0.75V V- =-1.3V 
SYMBOL Rser = 10MQ = 


AVio/AVt 


SYMBOL 


AVio/ATa Rg <10kQ 


CA3078A CA3078 


10% to 90% Rise Time 


ee 
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CA3078, CA3078A 


Typical Performance Curves 


INPUT OFFSET VOLTAGE (mV) 


4 68 
1000 


4 68 
10 


468 2 
100 


TOTAL QUIESCENT CURRENT (A) 


FIGURE 1. INPUT OFFSET VOLTAGE vs TOTAL QUIESCENT 
CURRENT 


INPUT BIAS CURRENT (nA) 


4 68 4 68 4 
1 °%0 100 - {000 - “0000 


TOTAL QUIESCENT CURRENT (A) 


FIGURE 3. INPUT BIAS CURRENT vs TOTAL QUIESCENT 
CURRENT 


Ey sree ce emereeat: 
am mInMEDLite ite : 
CT ae seul 


ee su ka 4. a oe ee ee Oo Ge Soe er 


ATE TEE TH ost CONNECTED BETWEEN 
2h TERMINAL 5 AND V+ 
nor MLLLU 1 it tt 


864 2 864 2 864 2 864 2 
00 100 10 1 


864 2 864 2 8 
0.1 0.01 0.001 


TOTAL QUIESCENT CURRENT (yA) 


FIGURE 5. BIAS SETTING RESISTANCE vs TOTAL QUIES- 
CENT CURRENT 
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INPUT OFFSET CURRENT (nA) 


OPEN LOOP VOLTAGE GAIN (dB) 


take 
lacalad 
| A 

cd 
isa 
5" 
° ae 
4 


HA TN I 


LTTE TTA TINT 


TOTAL Guicécent CURRENT (A) 


FIGURE 2. INPUT OFFSET CURRENT vs TOTAL QUIESCENT | 
CURRENT 


OPERATIONAL 
AMPLIFIERS 


TOTAL QUIESCENT CURRENT (1A) 


FIGURE 4. OPEN LOOP VOLTAGE GAIN vs TOTAL QUIES- 
CENT CURRENT 


100 
: V+ = +6, V- = -6 TO V+ = +15V, V-=-15V 


MAXIMUM OUTPUT CURRENT (mA) 


1 10 100 
TOTAL QUIESCENT CURRENT (A) 


FIGURE 6. MAXIMUM OUTPUT CURRENT vs TOTAL QUIES- 
CENT CURRENT 


CA3078, CA3078A 


Typical Performance Curves (Continued) 


ee 
aa R, = 50kQ 


OUTPUT VOLTAGE SWING (V) 


TOTAL QUIESCENT CURRENT (yA) 


FIGURE 7. OUTPUT VOLTAGE SWING vs TOTAL QUIESCENT 
CURRENT 


SHH 
ai 


PEAK OUTPUT VOLTAGE (V), COMMON MODE VOLTAGE RANGE (V) 


FIGURE 9. OUTPUT AND COMMON MODE VOLTAGE vs SUPPLY 
VOLTAGE 


E 


OPEN LOOP VOLTAGE GAIN (dB) 
3 
PHASE ANGLE (DEGREES) 


FREQUENCY (Hz) 


FIGURE 8. OPEN LOOP VOLTAGE GAIN vs FREQUENCY FOR 
CA3078 


OPEN LOOP VOLTAGE GAIN (dB) 
PHASE ANGLE (DEGREES) 


"e 1 10! = 107-—Sss 10®)~=S ss 10 = 105 ~—s 408 
FREQUENCY (Hz) 
FIGURE 10. OPEN LOOP VOLTAGE GAIN vs FREQUENCY FOR 
CA3078A 


INPUT OFFSET VOLTAGE (mV) 


TEMPERATURE (°C) 
FIGURE 11. INPUT OFFSET VOLTAGE vs TEMPERATURE 
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CA3078, CA3078A 


Typical Performance Curves (Continued) 


CA3078 
— = 100nA 


INPUT OFFSET CURRENT (nA) - CA3078T 
INPUT BIAS CURRENT (nA) - CA3078AT 
INPUT BIAS CURRENT (nA) - CA3078T 


INPUT OFFSET CURRENT (nA) - CA3078AT 


0.5 
0 0 0 
75 50 -25 0 25 50 75 100 125 75 50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
) 
FIGURE 12. INPUT OFFSET CURRENT vs TEMPERATURE FIGURE 13. INPUT BIAS CURRENT vs TEMPERATURE 
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TOTAL QUIESCENT CURRENT (yA) - CA3078T 
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TOTAL QUIESCENT CURRENT (A) - CA3078AT 


0 
75 -50 25 0 25 50 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 14. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE FIGURE 15. TOTAL QUIESCENT CURRENT vs TEMPERATURE 
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0 0.01 
2 468 2 468 2 468 2 468 2 468 2 468 2 468 2 468 
10! 102 10° 104 10° 10! 102 10° 104 10° 


FREQUENCY (Hz) FREQUENCY (Hz) 


Iq = 20uA — 


EQUIVALENT INPUT NOISE VOLTAGE (nV/VHiz) 
a 
EQUIVALENT INPUT NOISE CURRENT (pA/Aiz) 


FIGURE 16. EQUIVALENT INPUT NOISE VOLTAGE vs FREQUENCY FIGURE 17. EQUIVALENT INPUT NOISE CURRENT vs FREQUENCY 
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CA3078, CA3078A 


Typical Performance Curves (Continued) 


SLEW RATE (Vis) 


0 
0 10 20 £30 40 50 60 70 80 90 
CLOSED LOOP NON-INVERTING VOLTAGE GAIN (dB) 


6 19.1 29.7 40 #50 60 70 80 90 
CLOSED LOOP INVERTING VOLTAGE GAIN (dB) 


Supply Volts: V+ = +6, V- = 6 

Quiescent Current (lq) = 100A 

Ambient Temperature (T,) = +25°C 

Load Impedance: R, = 10kQ, C, = 100pF 
Feedback Resistance (Rr) = 0.1MQ 
Output Voltage (Vopp) = 10V 


R, determined for transient response with 10% overshoot on a 
100mV output signal (R, x C, = 2.5 x 10%) 


FIGURE 18. SLEW RATE vs CLOSED LOOP GAIN FOR lg = 100y.A 
- CA3078 


CAPACITOR 
COMPENSATION 
(BETWEEN 

K TERMINALS 1& 8) 


AX RESISTOR-CAPACITOR 
= COMPENSATION 
— (R; -C; BETWEEN 


TERMINALS 1 & 8) 


CEU Aa 


PHASE COMPENSATION CAPACITOR (pF) 


o 10 20 30 40 50 60 70 
CLOSED LOOP NON-INVERTING VOLTAGE GAIN (dB) 


age SSNS oh id EE: Ae. IRI ERIE <2 SP SIRE Maine Se, ek ee 
6 191 297 40 50 60 70 80 90 
CLOSED LOOP INVERTING VOLTAGE GAIN (dB) 


Supply Volts: V+ = +6, V- = -6 

Quiescent Current (Ig) = 100A 

Ambient Temperature (T,) = +25°C 

Load Impedance: R, = 10kQ, C, = 100pF 
Feedback Resistance (Rr) = 0.1MQ 
Output Voltage (Vopp) = 100mV 


R, determined for transient response with 10% overshoot on a 
100mV output signal (R, x C, = 2.5 x 10%) 


FIGURE 20. PHASE COMPENSATION CAPACITANCE vs 
CLOSED LOOP GAIN - CA3078 


© 


COMPENSATION 
‘ (BETWEEN 
TERMINALS 1 & 8) 


SLEW RATE (Vius) 
o 


0 
0 10 20 £30 40 50 60 70 80 90 
CLOSED LOOP NON-INVERTING VOLTAGE GAIN (dB) 


6 191 29.7 40 #50 60 70 80 90 
CLOSED LOOP INVERTING VOLTAGE GAIN (dB) 


Supply Volts: V+ = +6, V- = 6 

Quiescent Current (Ig) = 20A 

Ambient Temperature (T,) = +25°C 

Load Impedance: R, = 10kQ, C, = 100pF 

Feedback Resistance (Rr) = 0.1MQ 

Output Voltage (Vopp) = 10V 

R, determined for transient response with 10% overshoot on a 
100mV output signal (R, x C, = 2 x 10%) 


FIGURE 19. SLEW RATE vs CLOSED LOOP GAIN FOR ly = 20)1/A - 
CA3078A 
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109 ARG TTERMINALS 1 & 8) 
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PHASE COMPENSATION CAPACITOR (pF) 


0 10 20 30 40 50 60 70 80 9 
CLOSED LOOP NON-INVERTING VOLTAGE GAIN (dB) 


Se eee 
6 19.1 29.7 40 50 60 70 80 90 
CLOSED LOOP INVERTING VOLTAGE GAIN (dB) 


Supply Volts: V+ = +6, V- = 6 

Quiescent Current (Ig) = 20LA 

Ambient Temperature (T,) = +25°C 

Load Impedance: R, = 10kQ, C, = 100pF 

Feedback Resistance (Rr) = 0.1MQ 

Output Voltage (Vopp) = 100mV 

R, determined for transient response with 10% overshoot on a 
100mV output signal (R, x C, = 2 x 10%) 


FIGURE 21. PHASE COMPENSATION CAPACITANCE vs 
CLOSED LOOP GAIN - CA3078A 
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CA3078, CA3078A 


TABLE 1. UNITY GAIN SLEW RATE vs COMPENSATION - CA3078 AND CA3078A 
Supply Volts: V+ = +6, V- = -6, Output Voltage (Vo) = +5V, Load Resistance (R,) = 10kQ, Transient Response: 10% overshoot for an output 


voltage of 100mV, Ambient Temperature (T,) = +25°C 


COMPENSATION 
TECHNIQUE 


CA3078 - Iq = 100pA 


Single Capacitor 


Resistor & Capacitor 


CA3078A - Ig = 20NA 


Single Capacitor 
Resistor & Capacitor 14 


Operating Conditions 
Compensation Techniques 


The CA3078A and CA3078 can be phase compensated with 
one or two external components depending upon the closed 
loop gain, power consumption, and speed desired. The 
recommended compensation is a resistor in series with a 
capacitor connected from Terminal 1 to Terminal 8. Values of 
the resistor and capacitor required for compensation as a 
function of closed loop gain are shown in Figures 20 and 21. 
These curves represent the compensation necessary at 
quiescent currents of 100A and 20A, respectively, for a 
transient response with 10% overshoot. Figures 18 and 19 
show the slew rates that can be obtained with the two 
different compensation techniques. Higher speeds can be 
achieved with input compensation, but this increases noise 


output. Compensation can also be accomplished with a 
single capacitor connected from Terminal 1 to Terminal 8, 
with speed being sacfificed for simplicity. Table 1 gives an 
indication of slew rates that can be obtained with various 
compensation techniques at quiescent currents of 100A 
and 20pA. 


Single Supply Operation 


The CA3078A andCA3078 can operate from a single supply 
with a minimum total supply voltage of 1.5V. Figures 25 and 
26 show the CA3078A or CA3078 in inverting and non- 
inverting 20dB amplifier configurations utilizing a 1.5V type 
“AA” cell for a supply. The total consumption for either circuit 
is approximately 675nW. The output voltage swing in this 
configuration is 300mVp-p with a 20kQ load. 


Test Circuits 


V+ 


Ry OPTIONAL 
Ro. Cof COMP. 


FIGURE 22. TRANSIENT RESPONSE AND SLEW RATE, UNITY 
GAIN (INVERTING) TEST CIRCUIT 


V+ 


Ril OPTIONAL 
R2.C2[ COMP. 


FIGURE 23. SLEW RATE, UNITY GAIN (NON-INVERTING) TEST 
CIRCUIT 
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OPERATIONAL 


AMPLIFIERS 


CA3078, CA3078A 
Test Circuits (Continued) 


NON-NVERTING 2 INVERTING 
y V+ 
INPUT Fy 
INPUT = R; 
V+ 


Value of Rg required to have a 
null adjustment range of +7.5mV 
— *R R, Re V+ 


Value of Rg required to have a 
null adjustment range of t7.5mV 
(R; + Re) 7.5 x 10° 3 Ry, V+ 
R; Re °” 7.5 x 10% 
assuming Rg > > 
1+ Re 


assuming Rg > > R, 
FIGURE 24. OFFSET VOLTAGE NULL CIRCUITS 


1.5V 
“AA” CELL 


FIGURE 25. INVERTING 20dB AMPLIFIER CIRCUIT 


FIGURE 26. NON-INVERTING 20dB AMPLIFIER CIRCUIT 
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FARRIS 


SEMICONDUCTOR 


CA3080 


Operational Transconductance 


aD 


April 1993 Amplifier (OTA) 

Features Description 
¢ Slew Rate (Unity Gain, Compensated)........ 50V/ms The CA3080 and CA3080A types are Gatable-Gain Blocks 
¢ Adjustable Power Consumption. ...... 10uW to 30uW on utilize ie: ous ergot dobehsaltenenrendy 
z concept described in ication Note -6668, i- 

Flexible Supply Voltage Range .......... +2V to t15V cations of the CA3080 and CA3080A High-Perform Opera- 
¢ Fully Adjustable Gain .............. OtogmR, Limit — tional Transconductance Amplifiers”. 
. Nigh gus pread: 2-4 The CA3080 and CA3080A types have differential input and a 

; re ePIC Aine sca ninth waicin ao Wa'adaw ek . single-ended, push-pull, class A output. In addition, these types 

T  MWOERWMOWUER 0 0c ote bites ce cece ee bcc ee eb els bee Me ® have an amplifier bias input which may be used either for gating 
¢ Extended Gag LINCASITY 0)... wc ae nec iietes 3 Decades or for linear gain control. These types also have a high output 

: ‘ impedance and their transconductance (gy) is directly propor- 
Applications tional to the amplifier bias current (Iagc). 
* Sample and Hold * Multiplier The CA3080 and CA3080A types are notable for their excellent 
¢ Multiplexer ¢ Comparator Slew rate (50V/us), which makes them especially useful for z wo 
¢ Voltage Follower multiplexer and fast unity-gain voltage followers. These types are z i 
nnn @5P0Cially applicable for multiplexer applications because power = i 
Ordering Information is consumed only when the devices are in the “ON” channel < = 
State. 

[PARTNUMBER] TEMP. RANGE | PACKAGE a 3 


The CA3080A is rated for operation over the full military-tem- 
perature range (-55°C to +125°C) and its characteristics are 
specifically controlled for applications such as sample-hold, 
gain-control, multiplex, etc. Operational transconductance 
amplifiers are also useful in programmable power-switch 
applications, @.g., as described in Application Note AN6048, 
“Some Applications of a Programmable Power Switch/Ampili- 
fier’ (CA3094, CA3094A, CA3094B). 


CA3080 0°C to +70°C 8 Pin Can 
CA3080A -55°C to +125°C 
CA3080AE -55°C to+125°C | 8 Lead Plastic DIP 


“ Denotes Tape and Reel 


Pinouts Cas080 (PDIP, soic) 
TOP VIEW 


ne [1| 18] NC vt 
INPUT PS ¥s aa e 
gare eS 6 | output 
v- [4 5) tas INPUT 


Schematic Diagram 


CA3080 (TO-5 CAN) 
TOP VIEW a OUTPUT 
ee NON- 
QW nur 
Wg Q oureur awpren (8) 
neu me 


NOTE: Pin 4 is connected to case. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


File Number 475.2 
Copyright © Harris Corporation 1993 ots u 


Specifications CA3080, CA3080A 


Absolute Maximum Ratings 

Supply Voltage (Between V+ and V- Terminal).............- 36V 
Difbereritint Wit VONAGE. 8 vgs ccs oo ere ts bene: 8p sews 5V 
WHR VORROG 6555.52 Me oF ke ci BREE SETA ITs 0 0s V+ to V- 
DUA SIGNA CU OE 5 5s ww ccc c tre eeeesnns imA 
Amplifier Bias Current (lage)... - ee eee eee eee eee eee 2mA 
POWOT CMGNINUON cee ccc ck ce vtcccreveeceucates 125mW 
Output Short Circuit Duration (Note 1)............. No Limitation 
SUCTION -VOIPIOTAUIG ooo ors ccc cca cec tee eens +175°C 
Junction Temperature (Plastic Package) ............+.- +150°C 
Lead Temperature (Soldering 10 Sec.).........22eeeee- +300°C 


Operating Conditions 
Operating Temperature Range 
CARO = a ee eS A ee 0°C to +70°C 
CATR es irs peer eee es -55°C to +125°C 
Storage Temperature Range...........-++e-e: -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications For Equipment Design, ac erg = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL 


Input Offset Voltage 


input Offset Current 


Input Bias Current aa: 


Forward Transconductance (Large Signal) 
Peak Output Current 


Peak Output Voltage: 


Negative V-om 


Amplifier Supply Current et 
Device Dissipation a ie 


Input Offset Voltage Sensitivity: 


Positive 
Common-Mode Rejection Ratio CMRR 


Common-Mode Input-Voltage 


Input Resistance oe Be 
NOTE: 


1. Short circuit may be applied to ground or to either supply. 


Positive 


TEST re 
V+ = 15V, V- =-15V 


= 0 to +70°C 


= 0 to +70°C 


= 0 to +70°C 


200, T, = 


CA3080 
LIMITS 


lapc = SOOWA UNITS 


0 


ppp 


© ‘ wad 


S 


0 to +70°C 


S 


110 


13.6 to 
-14.6 


el <P [ells EER 
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Specifications CA3080, CA3080A 


Electrical Specifications Typical Values Intended Only for Design Guidance, T, = +25°C, 


Unless Otherwise Specified 
TEST CONDITIONS 
CA3080 
lapc = S00UA TYP 


V+ = 15V, V- = -15V 
PARAMETERS 


input Ost Votage Be DS <a ae ee 
Input Offset Voltage Change 
Negative V-om 


V 
V 
lapc = SHA 

a he 
ew ideas ae se ce 
ma 
cfiA | 
Pesce 


Peak Output Voltage: 
Differential Input Current Rec Le as linn = Or Wee a 0.008 


Amplifier Bias Voltage 


Positive 


Slew Rate: 


Maximum (Uncompensated) 


Unity Gain (Compensated) 


Open-Loop Bandwicth Pe yt 


AMPLIFIERS 


OPERATIONAL 


Input Capacitance 
Output Capacitance 


Output Resistance 


Input-to-Output Capacitance 


TEST CONDITIONS CA3080A LIMITS 


PARAMETERS 


Input Offset Voltage 


Ta = -55 to +125°C 
Input Offset Voltage Change lapc = SOOPA to Iago = SpA 
Input Offset Current 


Input Bias Current 


wisest) 
ae camer 
Sis ces 
ploae 
Forward Transconductance (Large Signal) Se eee ee ee ee eee 
cca a i 
Peak Output Current oe Le ee ae ee 
| | 350 | 500 | 650 
beeen Sees: 


50 
R, = 00, T,=-55°C to +125°C | 300 | 
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Specifications CA3080, CA3080A 


Electrical Specifications For Equipment Design, T, = +25°C, Unless Otherwise Indicated (Continued) 


TEST CONDITIONS CA3080A LIMITS 


V+ = 15V, V- = -15V 
PARAMETERS SYMBOL lapc = 500LA 


Peak Output Voltage: 


Positive 
Negative OM 


Vt+om 


Negative -12 


Amplifier Supply Current 
Device Dissipation 


Input Offset Voltage Sensitivity: 


< <|< 
‘ ‘ ~ 


elelele |e 


Positive AVi0/AV* 


pV/V 
Negative AVip/AV pVv/V 


Magnitude of Leakage Current 


Differential Input Current 
Common-Mode Rejection Ratio CMRR 


Common-Mode Input-Voltage Range Vicr 


Input Resistance 


ze ele 


Ry =° 
laac = 0, Vp = 0 
(ang «6, Vip = BBV 


cue. 
aye 
ies 
[a8 
7 a 


0.08 


12to | 13.6 to 
-12 -14.6 


V 


Electrical Specifications Typical Values Intended Only for Design Guidance, T, = +25°C, Unless Otherwise Specified 


TEST CONDITIONS 
V+ = 15V, V- =-15V CA3080A 
PARAMETERS SYMBOL lapc = 500A TYP UNITS 
Amplifier Bias Voltage 


Slew Rate: 
75 V/s 


es kv 
Se a0 


Vapo 


Maximum (Uncompensated) 


Unity Gain (Compensated) 


ala 
wot 


f = 1 MHz 


Miia 
Wie 
are 
ame 
ae ea 


Sra al 


C 
Co 
Cio f = 1 MHz 


laBc = 100pA, in = -55°C to +125°C 
laac = SOOPA 


° 
f 
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CA3080, CA3080A 


Typical Performance Curves 
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FIGURE 2. INPUT OFFSET CURRENT vs AMPLIFIER BIAS 


FIGURE 1. INPUT OFFSET VOLTAGEvs AMPLIFIER BIAS 


CURRENT 


CURRENT 


SYaisIIdANV 


IWNOILVYSdO 


100 


468 
Ee aie vuieuaie (1A) 


HENGE 
NTL 


ie er ro Tre] 
Pil. i iw tl 


HT TE IN OTT 


HET TUTE NG TTT] 
ME TEE TTT NTT 


‘042 5S RO I SR OE 


AN 


eee 


; LOAD RESISTANCE = 00 


PR Lailaad 


104 | SUPPLY VOLTS: V+ = +15, V- = -15 


% ke sae i=] 

Ss a b4 

TOE D pte 

iaar 

AE ss 
att er @ 
PT | Je . 
eo * i 
re 
“ ec 
eli" 3 
& Set 2 = a 
“ci a 2 
re 
Ww 
i 
J 
NN -& 
Me SRT . g 


wis inauuno SVIa LNdNI 


FIGURE 3. INPUT BIAS CURRENT vs AMPLIFIER BIAS CURRENT 


FIGURE 4. PEAK OUTPUT CURRENT vs AMPLIFIER BIAS 
CURRENT 
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FIGURE 5. PEAK OUTPUT VOLTAGE vs AMPLIFIER BIAS 
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FIGURE 6. AMPLIFIER SUPPLY CURRENT vs AMPLIFIER 
BIAS CURRENT 


CURRENT 


CA3080, CA3080A 
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FIGURE 8. TRANSCONDUCTANCE vs AMPLIFIER BIAS CURRENT 
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SUPPLY VOLTS: V+ = +15. 
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Typical Performance Curves (Continued) 
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TEMPERATURE (°C) 
FIGURE 10. LEAKAGE CURRENT vs TEMPERATURE 


FIGURE 9. LEAKAGE CURRENT TEST CIRCUIT 
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SUPPLY VOLTS: V+ = +15, V- = -15 
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V- = -15V 
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INPUT DIFFERENTIAL ace 
FIGURE 12. INPUT CURRENT vs INPUT DIFFERENTIAL VOLTAGE 


FIGURE 11. DIFFERENTIAL INPUT CURRENT TEST CIRCUIT 
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CA3080, CA3080A 


Typical Performance Curves (continued) 


SUPPLY VOLTS: V+ = +15, V- = -15 St 


Ta = +25°C ie U2 Rt Ses SA 


2 $ — 
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AMPLIFIER BIAS CURRENT (A) AMPLIFIER BIAS CURRENT (A) 
FIGURE 13. INPUT RESISTANCE vs AMPLIFIER BIAS CURRENT ‘FIGURE 14. AMPLIFIER BIAS VOLTAGE vs AMPLIFIER BIAS 
CURRENT 


al a V+ = +15, V- =-15 Sa 


SUPPLY VOLTS: V+ = +15, V- = -15 
f=1 MHz 
6 Ta= +25°C 


| LAT 


Bill 
Ys 
OPERATIONAL 
AMPLIFIERS 


OUTPUT RESISTANCE (MQ) 


ACCC 
HE 


Bei Be be gy 4 68 468 2 4 68 4 68 468 
0.1 100 1000 0.1 1 1 0 100 1000 


bibles bas panciiier (HA) AMPLIFIER BIAS CURRENT (A) 


INPUT AND OUTPUT CAPACITANCE (pF) 


FIGURE 15. INPUT ANDOUTPUTCAPACITANCEVsAMPLIFIER FIGURE 16. OUTPUT RESISTANCE vs AMPLIFIER BIAS CURRENT 
BIAS CURRENT 


INPUT - TO - OUTPUT CAPACITANCE (pF) 


0 2 4 6 8 10 12 #14 = 16 18 
- POSITIVE AND NEGATIVE SUPPLY VOLTAGE (V) 


FIGURE 17. INPUT-TO-OUTPUT CAPACITANCE TEST CIRCUIT FIGURE 18. INPUT-TO-OUTPUT CAPACITANCE vs SUPPLY 
VOLTAGE 


2-79 


CA3080, CA3080A 


Applications 


V+ = 15V 


V+ = 15V, V- = -15V 


LOAD 
(SCOPE PROBE) 


t TIME -0.1,:8/DIV. 


0.001, F 


FIGURE 19. SCHEMATIC DIAGRAM OF THE CA3080 AND CA3080A IN A UNITY-GAIN 
VOLTAGE FOLLOWER CONFIGURATION AND ASSOCIATED WAVEFORM 


20pF 
8.2kQ 
THRESHOLD 
47.5V BUFFER VOLTAGE CENTERING DETECTOR 
; FOLLOWER 100kQ 
> 
-7.5V oA\WWVYW/--° _ +7. 
VOLTAGE-CONTROLLED ain 7.5V +7 vd a > 47.5V 
CURRENT SOURCE (7) 0.9: 70F be 
° eR ae 
ve 
= 6.8MQ 
(2)-j - 10-80pF 7s 4-60pF} CA3160 >-(¢ ) (2) - 
C3 
2MQ (5) aa aia ae AA CA3080 (6) 
a b -7.5V (34 + 
SYMMETRY (4) 
7.5V © 0 47.5V | 4.7kQ EXTERNAL é 
100kQ SWEEPING INPUT 
MAX. FREQ.SET MIN. FREQ.SET 10 2-1NO14 
+7.5V A M—o -7.5V C4 y SOk2 
10K 6.2K 5000 5000 4-60 es 
REQ. 
ADJUST 2kQ 15-115 1. 
i” = 
= HIGH-FREQ. ~— 
LEVEL 
ADJUST 


FIGURE 20. 1,000,000/1 SINGLE-CONTROL FUNCTION GENERATOR - 1MHz TO 1Hz 
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~ CA3080, CA3080A 


Applications (Continued) 


(a) Two-Tone Output Signal From The Function Generator. A (b) Triple-Trace of the Function Generator Sweeping to 1MHz. The 
Square-Wave Signal Modulates The External Sweeping Input to Bottom Trace is the Sweeping Signal and the Top Trace is the Ac- 
Produce 1Hz and 1MHz, Showing the 1,000,000/1 Frequency tual Generator Output. The Center Trace Displays the 1MHz sig- 
Range of the Function Generator. nal Via Delayed Oscilloscope Triggering of the Upper Swept 

Output Signal 


FIGURE 21. FUNCTION GENERATOR DYNAMIC CHARACTERISTICS WAVEFORMS 


OPERATIONAL 
AMPLIFIERS 


SLEW RATE (IN SAMPLE MODE) = 1.3V/us 
ACQUISITION TIME* = 3ys 


STORAGE AND PHASE 
COMPENSATION NETWORK 


*TIME REQUIRED FOR OUTPUT TO SETTLE 
WITHIN +3mV OF A 4 - VOLT STEP 


SAMPLE OV 4a 
HOLD -15V 


FIGURE 22. SCHEMATIC DIAGRAM OF THE CA3080A IN A SAMPLE-HOLD CONFIGUREATION 


V- = -15V 
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CA3080, CA3080A 


Applications (continued) 


STROBE 


0 Till SAMPLE 
-15 HOLD 


3.6kQ 


Sececeasaceeees Peoreececevesd +] 
isi O.1pF 3, 30pF 
SIMULATEDLOAD HEF 
NOT REQUIRED "son 


FIGURE 23. SAMPLE AND HOLD CIRCUIT 


Top Trace: Output Signal 
(5V/Div. and 2ys/Div.) 


Bottom Trace: Input Signal 
(5V/Div. and 2ys/Div.) 


Center Trace: Difference of Input and Output Signals Through 
Tektronix Amplifier 7A13 
(5mV/Div. and 2us/Div.) 


FIGURE 24. LARGE SIGNAL RESPONSE AND SETTLING TIME FOR CIRCUIT SHOWN IN FIGURE 23 
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CA3080, CA3080A 


Applications (Continued) 


Top Trace: System Output Top Trace: Output 
(100mV/Div. and 500ns/Div.) (50mV/Div. and 200ns/Div.) 

Bottom Trace: Sampling Signal Bottom Trace: Input 7 w 
(20V/Div. and 500ns/Div.) (50mV/Div. and 200ns/Div.) z co 
FIGURE 25. SAMPLING RESPONSE FOR CIRCUIT SHOWN IN FIGURE 26. INPUT AND OUTPUT RESPONSE FOR CIRCUIT 2 re 
FIGURE 23 SHOWN IN FIGURE 23 P = 
Wu = 

Q.. 
re) 8 


120V AC 
MT, 60Hz 


20K 


= NOTE: All resistors 1/2 watt, 
unless otherwise specified. 


FIGURE 27. THERMOCOUPLE TEMPERATURE CONTROL WITH CA3079 ZERO VOLTAGE SWITCH AS THE OUTPUT AMPLIFIER 
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Applications (Continued) 


sample *7-5V +7.5V 
CONTROL 
ih AMPLIFIER c3 
Om i R4 
INPUT 2K cas0s08 >—(6) 
pe D (OTA) be 
o OUTPUT 7SCL 
(5) R7 
2K 
e.g. 30pF (TYP) 
C2 
0.1 .F C1 C6 
200pF 0.1F 
SAMPLE OV Re a STORAGE 
— 18K pies AND PHASE 
HOLD -75 | | STROBE COMPENSATION 


FIGURE 28. SCHEMATIC DIAGRAM OF THE CA3080A IN A SAMPLIE-HOLD CIRCUIT WITH BIMOS OUTPUT AMPLIFIER 


Top Trace: Output Top Trace: Output 
(5V/Div. and 2us/Div.) (20mV/Div. and 100ns/Div.) 
Center Trace: Differential Comparison of Input and Output Bottom Trace: Input 
(2mV/Div. and 2us/Div.) (200mV/Div. and 100ns/Div.) 


Bottom Trace: Input 
(5V/Div. and 2ys/Div.) 


FIGURE 29. LARGE-SIGNAL RESPONSE FORCIRCUITSHOWN = FIGURE30. SMALL-SIGNAL RESPONSE FOR CIRCUIT SHOWN 
IN FIGURE 28 IN FIGURE 28 
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Applications (Continued) 
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GD 
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Features 

e CA3094T, S, E, M for Operation Up to 24V 
¢ CA3094AT, S, E, M for Operation Up to 36V 
¢ CA3094BT, S, M for Operation Up to 44V 
Designed for Single or Dual Power Supply 


Programmable: Strobing, Gating, Squelching, AGC 
Capabilities 


e Can Deliver 3W (Average) or 10W (Peak) to External 
Load (in Switching Mode) 


¢ High Power, Single Ended Class A Amplifier will Deliver 
Power Output of 0.6W (1.6W Device Dissipation) 


e¢ Total Harmonic Distortion (THD) at 0.6W in Class A 
Operation 1.4% (Typ.) 


Applications 


e Error Signal Detector: Temperature Control with 
Thermistor Sensor; Speed Control for Shunt Wound 
DC Motor 


e Over Current, Over Voltage, Over Temperature Protectors 
e Dual Tracking Power Supply with CA3085 

e Wide Frequency Range Oscillator 

e Analog Timer 

e Level Detector 

Alarm Systems 


Voltage Follower 

Ramp Voltage Generator 

¢ High Power Comparator 

e¢ Ground Fault Interrupter (GFl) Circuits 


Pinouts 


CA3094 
(PDIP, SOIC) 
TOP VIEW 


EXT. FREQUENCY 
COMPENSATION 
OR INHIBIT INPUT 


DIFFERENTIAL 
VOLTAGE INPUTS 


GND (¥V- IN DUAL 


'5 | Iapc CURRENT 
SUPPLY OPERATION) 


PROGRAMMABLE 
INPUT 


(STROBE OR AGC) 
NOTE: Pin 4 is connected to case 


Description 


The CA3094 is a differential input power control switch/ 
amplifier with auxiliary circuit features for ease of program- 
mability. For example, an error or unbalance signal can be 
amplified by the CA3094 to provide an on-off signal or 
proportional control output signal up to 100mA. This signal is 
sufficient to directly drive high current thyristors, relays, dc 
loads, or power transistors. The CA3094 has the generic 
characteristics of the CA3080 operational amplifier directly 
coupled to an integral Darlington power transistor capable of 
sinking or driving currents up to 100mA. 


The gain of the differential input stage is proportional to the 
amplifier bias current (lagc), permitting programmable 
variation of the integrated circuit sensitivity with either digital 
and/or analog programming signals. For example, at an lage 
of 100mA, a imV change at the input will change the output 
from 0 to 100mA (typical). 


The CA3094 is intended for operation up to 24V and is 
especially useful for timing circuits, in automotive equipment, 
and in other applications where operation up to 24V is a 
primary design requirement (see Figures 28, 29 and 30 in 
Applications Section). The CA3094 and CA3094B are like 
the CA3094 but are intended for operation up to 36V and 
44V, respectively (single or dual supply). 


These types are available in 8 lead TO-5 style packages with 
standard leads (“T” suffix) and with dual-in-line formed leads 
“DIL-CAN” (“S” suffix). Type CA3094 is also available in an 8 
lead dual-in-line plastic package “MINI-DIP” (“E” suffix), 
Small Outline Pakcage (“M” suffix), and in chip form (“H” 
suffix). 


CA3094 
(TO-5 CAN) 
TOP VIEW 


SINK OUTPUT 
(COLLECTOR) 


EXT. FREQUENCY 


COMPENSATION OR s 
INHIBIT INPUT : 
DRIVE OUTPUT 
(EMITTER) 
DIFFERENTIAL 
VOLTAGE INPUTS 
apc CURRENT 
PROGRAMMABLE INPUT 
GND (V- IN DUAL BEER A 
SUPPLY OPERATION) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 2-86 


File Number 598.2 


Specifications CA3094, CA3094A, CA3094B 


Absolute Maximum Ratings Operating Conditions 

Dual Supply Voltage Operating Temperature Range ................ -55°C to +125°C 
2 RESIS SCARIER ty ASR RS CRE ee ee ED +12V Storage Temperature Range..............008- -65°C to +150°C 
AS 0 ot-65 55 oe es kk ds oo +18V 
0 } * paneerargeey write nels Sort ereceers Bore searene heey +22V 

Single Supply Voltage 
SNRIM FV ooo ci pgs ee aes Oe hii 0 ok Oe RT 24V 
Ria einadiopaeaiioreenes-innemeeanneaaerianinrs 36V 
es Cig fois dns taR A le ee So eh eek va vw 44V 

Differential Input Voltage (Term. 2 and 3) Note 1............. 5V 

Od ME EN og dg 0a te dis dias oy5 he cece eaeees V+ to V- 

TUM CUMTONT Term. 2 G0 S) esi GS i io cc cc ccee ne cnts +imA 

Amplifier Bias Current (Term. 5). 0.0... 0. cece ccc eee eens 2mA 

SMU coe 5's) Weak es cess Os ph web bee caeeke 300mA 

PRN MAUNY TOPTOUROUNG Sco k cava. ceceacnren anes +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)............ 00005 +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C for Equipment Design. Single Supply V+ = 30V, Dual Supply V+ = 15V, V- = -15V, Iago = 100pA 
Unless Otherwise Specified 


—parauerens | semsor | resreoromene awa 3: 
Sa 

lu 

PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | eo : 
INPUT PARAMETERS a2 
Input Offset Voltage a = 


a ee ee ee ee 
Erect cs aeons mame eee oe ase ce 
mV 


and lage = 5A 
Input Offset Current Ta = +25°C 
Input Bias Current ae 
bey oA 


Ta 
Ty = +25°C 
Ta = 0°C to +70°C 


lour = OMA 
Common Mode Input Voltage Vicr V+ = 30V (High) 27 28.8 
V- = OV (Low) 
V+= 15V 
V- =-15V -14 -14.5 


Range 
Unity Gain Bandwidth Io = 7.5mA, Vog = 15V, lagc = 500 
Open Loop Bandwidth at -3dB Point Io = 7.5MA, Vog = 15V, Iago = 500 


Total Harmonic Distortion THD 
(Class A Operation) 
= 600mW 


0.70 


SN 
i) 


as 


0.68 


_ 
> 


Amplifier Bias Voltage 

(Terminal 5 to Terminal 4) 

Input Offset Voltage Temperature AVio/AT 
Coefficient 


Power Supply Rejection 


pV°C 


Oo 


pV/V 
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Specifications CA3094, CA3094A, CA3094B 


Electrical Specifications T, = +25°C for Equipment Design. Single Supply V+ = 30V, Dual Supply V+ = 15V, V- = -15V, lag = 100A 
Unless Otherwise Specified (Continued) 


PARAMETERS SYMBOL TEST CONDITIONS | min | TYP | MAX | 


INPUT PARAMETERS (Continued) 


ee eS ee 
So CT BE OZ 
[eNokecurent «| w(t tORehecmsoua | (|S |_| oars | 
Differential Input Resistance PE iain a oe sae i ee 
C ace eee Ses 


OUTPUT PARAMETERS (Differential Input Voltage = 1V) 
V+ = 30V, R, = 2kQ to GND 


Differential Input Capacitance 


Peak Output Voltage (Terminal 6) 
With Q13 “ON” 
With Q13 “OFF” 
Peak Output Voltage (Terminal 6) 


< 
N 


= 


+O 
V-OM 


V+ = 15V, V- =-15V, R, = 2kQ to -15V 


Positive V+OM 
Negative V-OM 
Peak Output Voltage (Terminal 8) V+ = 30V, R, = 2kQ to 30V 
With Q13 “OFF” V+OM 
With Q13 “ON” V-OM 


Peak Output Voltage (Terminal 8) V+ = 15V, V- =-15V, 
a R, = 2kQ to 15V 
Positive V+OM 14.95 
Negative V-OM : 


5 0.80 


Collector-to-Emitter Saturation VcE(SAT) V+ = 30V, Ic = 50mA, Terminal 6 
Voltage (Terminal 8) Grounded 
Output Leakage Current (Terminal V+ =30V 
6 to Terminal 4) 
hee V+ = 30V, Vog = SV, Io = 50MA 16,000 | 100,000 


Composite Small Signal Current 
Transfer Ratio (Beta) (Q12 and Q13) 

f = 1MHz, All remaining Terminals Tied 
to Terminal 4 


V+=30V, lagc = 100A, AVoyz = 20V, | 20,000 
Ry, = 2kQ 

Forward Transconductance to 

Terminal 1 


Slew Rate (Open Loop) lapc = SOOPA, Ry = 2kQ 


; fo) 
2|= x 
pa o 


Output Capacitance 


Terminal 6 


_ 
N 


Terminal 8 
TRANSFER PARAMETERS 
Voltage Gain 


Oo |O 


100 


fe 


el alee 


Positive Slope 


S 
b 


Negative Slope eens pa ae Be V/us 
Unity Gain (Non-inverting lapo = 500HA, R, = 2kQ 0.70 Vis 
Compensated) 

NOTE: 


1. Exceeding this voltage rating will not damage the device unless the peak input signal current (1mA) is also exceeded. 
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CA3094, CA3094A, CA3094B 


Schematic Diagram 


EXTERNAL FREQUENCY 
COMPENSATION OR INHIBIT INPUT 


(1) (7) ve 


INPUTS 
OUTPUT | OUTPUT 
MODE TERM 


DIFF. 
VOLTAGE (2) “SINK” 
INPUT OUTPUT 
DIFF. 
VOLTAGE (3 ) Q13 


AMPLIFIER 
BIAS INPUT (5 ) 


laBc 


“SOURCE” 
(DRIVE) 


OUTPUT 


OPERATIONAL 
AMPLIFIERS 
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CA3094, CA3094A, CA3094B 


Typical Performance Curves 


TtE 
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WA oC | | | SS ee ae = = es 
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a 2,28 Sas 


INPUT OFFSET VOLTAGE (mV) 


as Es Bl 

pay Ma aa GL Be 
oc SU | Bs Se 0 2 | 
pa 5 


0.1 10 100 1000 
peas BIAS CURRENT (A) 


FIGURE 1. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS 
CURRENT (lagc, TERMINAL 5) 


V+ = +15V, Ve = -15V Ct 3M oes res Sa 


INPUT BIAS CURRENT (nA) 


1 
0.1 oge.a7 1 10 100 1000 
AMPLIFIER BIAS CURRENT (uA) 


FIGURE 3. INPUT BIAS CURRENT vs AMPLIFIER BIAS CUR- 
RENT (lagc, TERMINAL 5) 
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er i ae 
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FIGURE 5. AMPLIFIER SUPPLY CURRENT vs AMPLIFIER 
BIAS CURRENT (lagc, TERMINAL 5) 
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INPUT OFFSET CURRENT (nA) 
ad 


ar oo 


0.1 1.0 10 100 1000 
AMPLIFIER BIAS CURRENT (A) 


FIGURE 2. INPUT OFFSET CURRENT vs AMPLIFIER BIAS 
CURRENT (lagc, TERMINAL 5) 
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FIGURE 4. DEVICE DISSIPATION vs AMPLIFIER BIAS CUR- 
RENT (lapc, TERMINAL 5) 
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COMMON MODE INPUT VOLTAGE (V) 


0.1 1.0 10 100 1000 
AMPLIFIER BIAS CURRENT (yA) 


FIGURE 6. COMMON MODE INPUT VOLTAGE vs AMPLIFIER 
BIAS CURRENT (Iagc, TERMINAL 5) 


CA3094, CA3094A, CA3094B 


Typical Performance Curves (Continued) 


V+ = +15V, Ve = -15V 
Rg = 1MQ, Ta = 425°C 


V+ = +15V, V- = -15V 
45 } Rs = 00, Ta = +25°C 


E FOR TEST CIRCUIT, SEE FIGURE 20 3 FOR TEST CIRCUIT, SEE FIGURE 20 

40 

: : 

Wu 35 wi 

2 g Romer 0 eae a 
a 3 Rie BS EE 
ae : 

‘ : 


FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 7. 1/F NOISE VOLTAGE vs FREQUENCY FIGURE 8. 1/F NOISE CURRENT vs FREQUENCY 


10000 1000 


OPERATIONAL 
AMPLIFIERS 


COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE (mV) 
COMPOSITE DC BETA (Q12, Q13) 


a SECA at 


1000 1 10 100 1000 
cei cinon CU nites oe COLLECTOR CURRENT (mA) 


FIGURE 9. COLLECTOR EMITTER SATURATION VOLTAGE vs —_ FIGURE 10. COMPOSITE DC BETA vs COLLECTOR CURRENT 
COLLECTOR CURRENT OF OUTPUT TRANSISTOR OF DARLINGTON CONNECTED OUTPUT TRAN- 
Q13 SISTORS (Q12, Q13) 
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St ee 
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ent 
1041 Sees 
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OPEN LOOP VOLTAGE GAIN (dB) 
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o oo 
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ano 
So oo 
PHASE ANGLE (DEGREES) 


FORWARD TRANSCONDUCTANCE (ymho) 


wes I Boos 
30 -200 
na dos Gaui GANS ates Mewbe So ea Ee WZ 
10 Le Vt = +15V, Ve = -15V, Ry = 2kO ent 10'| | ee | os 
(TERMINAL 6 TO V-), Ta = +25°C Tt =a eH 
0 F FOR TEST CIRCUIT, SEE FIGURE 21 —\— IA _| 
-10 1 Pe ee ee ee 
1 ‘0°. 408 eet re 0 0.1 1.0 10 100 1000 
FREQUENCY (Hz) AMPLIFIER BIAS CURRENT (1A) 
FIGURE 11. OPEN LOOP VOLTAGE GAIN vs FREQUENCY FIGURE 12. FORWARD TRANSCONDUCTANCE vs AMPLIFIER 
BIAS CURRENT 
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CA3094, CA3094A, CA3094B 


Typical Performance Curves (Continued) 


V+ = +15V, V- = -15V, Tg = +25°C 
FOR TEST CIRCUIT, SEE FIGURE 22 


s 
= 
E 
x 
j 
a 1.0 

si 

100 1000 
AMPLIFIER BIAS CURRENT (1A) 


FIGURE 13. SLEW RATE vs AMPLIFIER BIAS CURRENT 


1000 


2 
3 8885 


a 
2 ©2oo 


PHASE COMPENSATION CAPACITANCE (pF) 


os 
(V+ = +15V, V- = -15V, lage = 500mA, Ta = +25°C 


FOR PHASE C COMPENSATION 


See ae: << TEST CIRCUIT, SEE FIGURE 24 


V+ = +15V, V- = -15V, laBc = 500uA, Ta= +25°C 
FOR TEST CIRCUIT, SEE FIGURE 23 


SLEW RATE (Vius) 


mae ee OS Oe a A ee 
0 20 4 60 80 100 
CLOSED LOOP VOLTAGE GAIN (dB) 


FIGURE 14. SLEW RATE vs CLOSED LOOP VOLTAGE GAIN 


PHASE COMPENSATION RESISTANCE (Q) 


CLOSED LOOP VOLTAGE GAIN (dB) 
FIGURE 15. PHASE COMPENSATION CAPACITANCE AND RESISTANCE vs CLOSED LOOP VOLTAGE GAIN 


Operating Considerations 


The “Sink” Output (Terminal 8) and the “Drive” Output 
(Terminal 6) of the CA3094 are not inherently current (or 
power) limited. Therefore, if a load is connected between 
Terminal 6 and Terminal 4 (V- or Ground), it is important to 
connect a current limiting resistor between Terminal 8 and 
Terminal 7 (V+) to protect transistor Q13 under shorted load 
conditions. Similarly, if a load is connected between Terminal 
8 and Terminal 7 (V+), the current limiting resistor should be 
connected between Terminal 6 and Terminal 4 or ground. In 
circuit applications where the emitter of the output transistor 
is not connected to the most negative potential in the 
system, it is recommended that a 100Q current limiting 
resistor be inserted between Terminal 7 and the V+ supply. 


Test Circuits 
1/F Noise Measurement Circuit 


When using the CA3094, A, or B audio amplifier circuits, it is 
frequently necessary to consider the noise performance of 
the device. Noise measurements are made in the circuit 
shown in Figure 20. This circuit is a 30dB, non-inverting 
amplifier with emitter follower output and phase compensa- 
tion from Terminal 2 to ground. Source resistors (Rs) are set 
to 0Q or 1MQ for E noise and | noise measurements, 
respectively. These measurements are made at frequencies 
of 10Hz, 100Hz and 1kHz with a 1Hz measurement band- 
width. Typical values for 1/4 noise at 10Hz and 50pA Iago are 


EN = 18nV//HZ and I = 1.8pA/J/Hz 
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CA3094, CA3094A, CA3094B 


Test Circuits 


100Q 


NOTES: 
4; 


Ce 


EouT 


Input Offset Voltage: Vig = —00~ 


For Power Supply Rejection Test: (1) vary V+ by -2V; then (2) 
vary V- by +2V 
. Equations: 
E OUT —- E, OUT 
(1) V+ Rejection = a 
E,OUT - E,OUT 
(2) V- Rejection = Sang tt 
1 
. Power Supply Rejection: (dB) = 20log 


Rejection" 


* Maximum Reading of Step 1 or Step 2 


FIGURE 16. INPUT OFFSET VOLTAGE AND POWER SUPPLY REJECTION TEST CIRCUIT 


15V 


: OUT 
NOTES: los = 90 VOLTS 
1. Ppissipation = (V+)(I) AMPS 


FIGURE 17. INPUT OFFSET CURRENT TEST CIRCUIT 


10kQ 


Vomr 
0.8V TO 27.2V 


ey tn 


15V 


| 
2 


NOTE: |, = 


FIGURE 18. INPUT BIAS CURRENT TEST CIRCUIT 


NOTES: 


; cM = 100 x 26V | 


Esout~ -10uT 
2. Input Voltage Range for CMRR = 1V to 27V 


3, CMRR (dB) = 20log 


100 x 26V | 
Esout~ -10uT 


FIGURE 19. COMMON MODE RANGE AND REJECTION RATIO TEST CIRCUIT 
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AMPLIFIERS 


CA3094, CA3094A, CA3094B 


Test Circuits (Continued) 


+15V +15V 


sy 10kQ 4ys5y 
WW 


OUTPUT 


1200 (RMS) 


9 OUTPUT 
Ry = 2kQ 


= = = -15V 


NOTES: 
1. Rg* = 1MQ 
(1/F Noise Current Test) 
2. Rg = 00 
(1/F Noise Voltage Test) 


FIGURE 20. 1/F NOISE TEST CIRCUIT FIGURE 21. OPEN LOOP GAIN vs FREQUENCY TEST CIRCUIT 


+15V 
+15V 


-15V 


0.001), F Be 


FIGURE 22. OPEN LOOP SLEW RATE vs lagc TEST CIRCUIT FIGURE 23. SLEW RATE vs NON-INVERTING UNITY GAIN TEST 
CIRCUIT 


-15V 
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CA3094, CA3094A, CA3094B 


Test Circuits (Continued) 


+15V 


> OUTPUT 


CLOSED 
LOOP GAIN 


FIGURE 24. PHASE COMPENSATION TEST CIRCUIT 


120VAC 


V+ = 30V 


COMMON 


NOTES: 

1. C, = 0.5yF 
D, = 1N914 
R, = 0.51MQ = 3 min. 
Rp = 5.1MQ = 30 min. 
Rg = 22MQ = 2 hrs. 
R, = 44MQ = 4 hrs. 
Rs = 1.5kQ 
Rg = 50kQ 
R; = 5.1kQ 
Rg = 1.5kQ 

2. Potentiometer required for initial time set to permit device inter- 
connecting. Time variation with temperature < 0.3%/°C. 


FIGURE 25. PRESETTABLE ANALOG TIMER 


Time = 1 hr. 
Sz Set to Ry 


Typical Applications 


For Additional Application Information, refer to 
Application Note ICAN-6048 “Some Applications of a 
Programmable Power/Switch Amplifier IC”. 


Design Considerations 


The selection of the optimum amplifier bias current (lac) 
depends on: 


1. The Desired Sensitivity - The higher the lage, the higher 
the sensitivity, i.e., a greater drive current capability at the 
output for a specific voltage change at the input. 

2. Required Input Resistance - The lower the lagc, the high- 
er the input resistance. 


If the desired sensitivity and required input resistance are 
not known and are to be experimentally determined, or the 
anticipated equipment design is sufficiently flexible to 
tolerate a wide range of these parameters, it is 
recommended that the equipment designer begin his 
calculations with an lapc of 100A, since the CA3094 is 
characterized at this value of amplifier bias current. 


The CA3094 is extremely versatile and can be used in a 
wide variety of applications. 
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OPERATIONAL 


AMPLIFIERS 


CA3094, CA3094A, CA3094B 


Typical Applications 


Ew > Eout 
if ae 
Where Eout = Ew 
Eout (%2 ac 
Where ei Sonaee f Zz depends on the characteristics of Zi and Z2 
IN 1 


(a) (b) 

NOTE: 1. In single-ended output operation, the CA3094 may require a pull up or pull down resistor 
FIGURE 26. APPLICATION OF THE CA3094: (a) AS AN INVERTING OP AMP AND (b) IN A NON-INVERTING MODE, AS A FOLLOWER 
FIGURE 27. RC TIMER 


V+ = 18V Problem: To calculate the maximum value of R required to 
. switch a 100mA output current comparator 
18V 
VOLTAGE A Given: | = 5yA, R = 3.6MQ = — 
an Be awe ABC ABC 5yA 


|, = 500A at lage = 100A (from Figure 3) 


|, = 5A can be determined by drawing a line on Figure 3 through 
lagc = 100A and Ig = 500nA parallel to the typical Ty = +25°C 


ee 


VOLTAGE AT peta 
RMINAL 8 Then: iF = 33nA at laBc = 5A 
18V—12V : 
RMAX = —agq— = 180MQ at Ty = 425°C 


Ruax = 180MQ x 2/3" = 120MQ at Ta = —55°C 


* Ratio of |, at Ty = +25°C to |, at Ty = -55°C for any given value 
of | ABC 


B 
INPUT 
A 


On a negative going transient at input (A), a negative 
pulse at C will turn “on” the CA3094, and the output (E) 
will go from a low to a high level. 


At the end of the time constant determined by C1, R1, 
R2, R3, the CA3094 will return to the “off” state and 
the output will be pulled low by Ry gap. This condition 
will be independent of the interval when input (A) 
returns to a high level. 


FIGURE 28. RC TIMER TRIGGERED BY EXTERNAL NEGATIVE PULSE 
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CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 


+15V 


PAPER OR 
MYLAR* 
2ms NOTES: 
Eout 120s 1. R= 1MQ, C = 1pF CURRENT INPUT 


2. Time Constant: t = RC x 120 


OR R 

une [3 Pulse Wiath: @ = K(C,/C) i 
* Trademark E.1. Dupont de Nemours VOLTAGE INPUT = © 
FIGURE 29. FREE RUNNING PULSE GENERATOR FIGURE 30. CURRENT OR VOLTAGE CONTROLLED OSCILLATOR = Bs 
<q 
ee 

ao 
Oo < 


27kQ 


50kQ 


-15V 


1 
2R, 


2RC In (=t+1} 
Ro 


— NOTE: ‘Qyr = 


1 
If: Re=3.08R;, four = ag 


FIGURE 31. SINGLE SUPPLY ASTABLE MULTIVIBRATOR FIGURE 32. DUAL SUPPLY ASTABLE MULTIVIBRATOR 
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CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 


+15V 


INPUT 


> OUTPUT 
INPUT 


4 100kQ NOTES: Rp 
1. Upper Threshold = [V+] 
+R 
Ry, +R, b 
NOTES: R,Ro 2 
1, R* = A, +R, 1 ‘b 
R, ‘ Ry +R, 
+Th = Reece - Lower Threshold = [V+] 
-e reshold [+Supply ] a rs 5: A, A, ) : 
Ry + Rp a 
(a) Dual Supply (b) Single Supply 


FIGURE 33. COMPARATORS (THRESHOLD DETECTORS) DUAL AND SINGLE SUPPLY TYPES 


TYPE 
D1201F 


HEATER 
PTC TEMP. 


SENSOR 


F 
s0V 


NOTE: All Resistors are 1/2W. 
FIGURE 34. TEMPERATURE CONTROLLER 
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CA3094, CA3094A, CA3094B 


Typical Applications (Continued) 


V+ INPUT 


(NOTE 1) > +15V REG. 


OUTPUT 


NOTES: 
1. V+ Input Range = 19V to 30V for 15V output 
2. V- Input Range = -16V to -30V for -15V output 
: oe 3. Max lout =+100mA 
4. Regulation: 


AV 
Max Line = ee, = 0.075%/V 
[Vout (Initial) ] AVin 


0.03L.F 


AV a. 
Max. Load = ——24" _ x 409 = 0.075% V a2) 
Vout (Initial) OUT z cc 
(IL from 1mA to 50mA) © i 
qo 
5s 

9 -15V REG. 

OUTPUT 5< 


V- INPUT 
(NOTE 2) 


FIGURE 35. DUAL VOLTAGE TRACKING REGULATOR 


CIRCUIT TRIPS ON POSITIVE 
36V PEAKS WILL SWITCH WITHIN 
1.5 CYCLES 
VOLTAGE BETWEEN 
TERMINALS 2 AND 4 
--WLS/1/1, ------ {71777 ----- ---- VOLTAGE BETWEEN 
o TERMINALS 3 AND 4 
= (ADJUSTABLE WITH 
9 j LS Rrrup) 
GROUND FAULT 
60mV SIGNAL 60Hz 


NOTES: 
1. Differential current sensor provides 60mV signal = 5mA of unbal- 
CIRCUIT ance (Trip) current 
BREAKER 
CONTROL . All Resistors are 1/2 Watt, +10% 
SOLENOID 


2 

3. RC selected for 3dB point at 200Hz 

4. Cz = AC by-pass 

5. Offset adj. included in Rrpip 

6. Input impedance from 2 to 3 = 800kQ 

1kQ 0.001 .F 7. With no input signal Terminal 8 (output) at 36V 


FIGURE 36. GROUND FAULT INTERRUPTER (GFl) AND WAVEFORMS PERTINENT TO GROUND FAULT DETECTOR 
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Typical Applications (Continued) 


ie Panto D1 - D4 1N5391 
(CW) 15kQ (CCW) 0.01 820Q 
0.12uF 
18000 
120V 
68Q 60Hz 
0.001 pF 56002 
=  0.001pF STANCOR 
SuF NO. P-8609 
+ OR EQUIVALENT 
fie (120VAC TO 
ns 26.8VCT at 1A) 
INPUT by ae 
: VOLUME 
? Ry 3 + 
i em CA3094B 
v wonton Ps 
(4) NETWORK* a 
(5) 10 
680 
unt *OPTIONAL THERMAL 
COMPENSATION 
0.2uF = NETWORK 
(CCW) 
— “BOOST” JUMPER 
(CW) BASS 
TYPICAL PERFORMANCE DATA NOTES: 


For 12W Audio Amplifier Circuit 
Power Output (8Q load, Tone Control set at “Fiat”) 


Music (at 5% THD, regulated supply) ...............6.. 15W 

Continuous (at 0.2% IMD, 60Hz and 2kHz 

mixed in a 4:1 ratio, unregulated supply) 

See Figure 8 Mi ANGO46 on. CO hes cone ene eee 12W 
Total Harmonic Distortion 

PAL TUN, PEI SUDDIY ooo cae ccc ees ctcenesasche 0.05% 

At 12W, unregulated supply............... cece ee eee 0.57% 
WRG AAI 55 ooo oc oc ks whiten SIA ARCNI: 0 oc we nwo se okltues 40dB 
Hum and Noise (below continuous power output)........... 83dB 
III hoa ts oop Sv wins PR bao v es che beeT Uae 250kQ 


Tone Control Range 


1. For standard input: Short Cj; R, = 250kQ, C, = 0.047pF; remove R, 


2. Forceramic cartridge input: C, =0.0047pF, R, =2.5MQ, remove 
jumper from C,; leave Ro 


FIGURE 37. 12W AUDIO AMPLIFIER CIRCUIT FEATURING TRUE COMPLEMENTARY SYMMETRY OUTPUT STAGE WITH CA3094 


IN DRIVER STAGE 
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Features 
¢ High Open Loop Gain at Video 

Frequencies ............-..+6- 42dB (Typ.) at 1MHz 
¢ High Unity Gain 

Crossover Frequency (fy) ............. 38MHz (Typ.) 
e Wide Power Bandwidth 

VC SABVP-P were riievrreie. ccensees 1.2MHz(Typ.) 
e High Slew Rate 

- 20dB Amplifier ............ccceees 70V/us (Typ.) 

- Unity Gain Amplifier................ 25V/us (Typ.) 
¢ Fast Settling Time .............ee2e0e. 0.6us (Typ.) 
¢ High Output Current..................... +15mA Min. 
e Single Capacitor Compensation 


Offset Null Terminals 


Applications 


Video Amplifiers 

Fast Peak Detectors 

Meter Driver Amplifiers 

High Frequency Feedback Amplifiers 
Video Pre-Drivers 

Oscillators 

Multivibrators 

Voltage Controlled Oscillator 

Fast Comparators 


CA3100 


Wideband Operational Amplifier 


Description 


The CA3100 is a large signal wideband, high speed opera- 
tional amplifier which has a unity gain cross over frequency 
(fr) of approximately 38MHz and an open loop, 3dB corner 
frequency of approximately 110kHz. It can operate at a total 
supply voltage of from 14V to 36V (£7V to +18V when using 
split supplies) and can provide at least 18Vp._p and 30mAp.p 
at the output when operating from +15V supplies. The 
CA3100 can be compensated with a single external capaci- 
tor and has DC offset adjust terminals for those applications 
requiring offset null. (See Figure 14). 


The CA3100 circuit contains both bipolar and PMOS transis- 
tors on a single monolithic chip.. 


Ordering Information 
PART 


/Teihanoe | PACKAGE 
NUMBER RANGE 


* Denotes Tape and Reel 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


Pinouts 


CA3100 
(PDIP, SOIC) 
TOP VIEW 


PHASE COMPENSATION 


OFFSET | 1] 8 | 


NULL 
7 V+ 


INV. 
ie 
NON-INV. 
INPUT fl jo} OUTPUT 
OFFSET 
¥ ie A NULL 


CA3100 
(CAN) 
TOP VIEW 


PHASE 
COMP TAB 
«a 


PHASE 


COMP AND 
OFFSET NULL (7) V+ 
INV. 
INPUT (6) OUTPUT 
NON-INV. 
INPUT ert 
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AMPLIFIERS 


Specifications CA3100 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Between V+ and V- Terminals)............. 36V Operating Temperature Range: 

Differential Input Voltage... ....... 2. cee eee eee eee eee 12V SP OB oa ccc oie ri ees ne bes -40°C to +85°C 
Input Voltage to Ground (Note 1)..............cc eee e ee eee +15V fp” rere fe ee ae -55°C to +125°C 
Offset Terminal to V- Terminal Voltage ..................... +0.5V Storage Temperature Range.................. -65°C to +150°C 
CONS Ce NOS ono o's aren oae ae RRA AAA we 50mA 

WUMOUION THRTIDUIEUNG 0 ice sees cece cescxugeons +175°C 

Junction Temperature (Plastic Package) ..............-. +150°C 

Lead Temperature (Soldering 10 Sec.)............0008. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a strass only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications, at T, = +25°C, Supply Voltage (V+, V-) = +15V, Unless Otherwise Specified 


LIMITS 
PARAMETER TEST CONDITIONS 


eaeaae, 
STATIC 


SS. Ge 
EC CS CC BO 


Vo =0+1V 


Vo = + 1V Peak, f= 1 kHz 
CMRR 2 76dB 


CMRR V, Common Mode = + 12V 


Input Offset Current 


Low Frequency Open Loop Voltage Gain 
(Note 3) 


Common Mode Input Voltage Range 


Aoi 
Vicr 


+12 
76 


Common Mode Rejection Ratio 


Differential Input Voltage = 0 + 0.1V, 
Ri = 2kQ 


Maximum Output Voltage 


Positive Vomes 


a+ 
—s 
ee 


Vom- 


Maximum Output Current Differential Input Voltage = 0 + 0.1V, 


Ry = 250Q 


a 
eek 
a 
me 

@ 
oO 


Positive lom+ 


ob Vo = 04 0.1V, Ry, = 10kQ 
Power Supply Rejection Ratio AV+=11V, AV-=+1V 
DYNAMIC 


1MHz Open-Loop Voltage Gain f = 1MHz, C. = 0, Vo = 10Vp_p Binge 


Slew Rate 
Ay = 10, Co = (), V; = 1V (Pulse) 70 V/us 


20dB Amplifier 
Ay=1,Cc=10pF,Vj=10V(Pulse) | - | 25 | - | Vis | 


Negative 


cere else 


Supply Current 
70 


Follower Mode 


Power Bandwidth (Note 4) 
20dB Amplifier Ay = 10, Cg = 0, Vo = 18Vp.p 


Follower Mode Ay = 1, Cc = 10pF, Vo = 18Vp.p ee See 
[Open Loop Differential input impedance [Z| F=iMHz Ts | OTK 
[Open-Loop Outputimpedance | Zo P= tMHz | | tt | - | 
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Specifications CA3100 


Electrical Specifications, at T, = +25°C, Supply Voltage (V+, V-) = +15V, Unless Otherwise Specified (Continued) 


LIMITS 
PARAMETER TEST CONDITIONS 


DYNAMIC (Continued) 


Wideband Noise Voltage Referred to Gy (Total) | BW = 1MHz, Rg = 1kQ LVeus 
input : 

Settling Time (To Within +50 mV of 9V ts R, = 2kQ, C, = 20pF 

Output Swing) 


1. If the supply voltage is less than + 15V, the maximum input voltage to ground is equal to the supply voltage. 
2. CA3100 does not contain circuitry to protect against short circuits in the output. 
3. Low frequency dynamic characteristic. 


4. Power Bandwidth= >0™ Fate 
™VOP-P 


Schematic Diagram 


OPERATIONAL 
AMPLIFIERS 


R19 R18 OFFSET 
NULL 


600V 150V 


& PHASE 
COMP 
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CA3100 


Typical Performance Curves 


OPEN-LOOP VOLTAGE GAIN (dB) 


80 ic 
ran niente Ta = +25°C o 
70 PT Tt Ts vs, ve tv w 
en ae Ry = 2kQ o 
C, = 20pF 

60 L=<Up 3 
50 ‘ IN Bile = 
CHESS SE 270 
‘it IN N ANS TTT A th os 3 
a 180 & 
30 — Nos -135 S 
- aa eas NUN ge 
mas art CNNUNEHT ow 
10 of Hts SAH re) 

}120F 5 ie ANAT TT 

& a SHH CoS 

0.001 0.01 0.1 1 10 100 


FREQUENCY (MHz) 


FIGURE 1. OPEN-LOOP GAIN, OPEN-LOOP PHASE SHIFT vs 
FREQUENCY 


— 60 
2 COTA 
: aN 
rs) IAT 
Ww 
= 40 
re) 
= 30 
+ 20 
a 
© 40 
0 
0.001 0.01 100 
cacaieack as 
FIGURE 3. OPEN LOOP GAIN vs FREQUENCY 

3 

ra 

Ww 

& 

is ag 

i 

a 


0 A 10 15 2 2 
COMP CAP PINS 1 TO 8 (pF) 


FIGURE 5. SLEW RATE vs COMPENSATION CAPACITANCE 


pie tt V+, Ve = 15V 


sae reer Pye A 
CO ro ee er 


OPEN-LOOP VOLTAGE GAIN (dB) 


LL TU Ee ee 


0.001 0.01 0.1 1 10 100 
FREQUENCY (MHz) 


FIGURE 2. OPEN-LOOP GAIN vs FREQUENCY 


Ta = +25°C 
Ry = 2kQ 
C, = 20pF 


& 


3 


COMP CAP PINS 1 TO 8 (pF) 
° 


0 
0 6 (0) 10 ies. 20 (19.1) 
NONINVERTING GAIN (dB), (INVERTING GAIN (dB)) 
CLOSED LOOP GAIN (dB) 
FIGURE 4. REQUIRED COMPENSATION CAPACITANCE vs 
CLOSED LOOP GAIN 


HEWLETT 
PACKARD 
VECTOR 
IMPEDANCE 
METER4815A 


OPEN-LOOP OUTPUT IMPEDANCE (Q) 


FREQUENCY (MHz) 


FIGURE 6. TYPICAL OPEN LOOP OUTPUT IMPEDANCE vs 
FREQUENCY 
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CA3100 


Typical Performance Curves (continued) 


V+, V-= +15V 


BW AT 6dB = 1MHz 


~a 
- SS ae 
2S SF OR 
seletieti | ti ee 
0.1 100 


TOTAL INPUT REFERRED NOISE VOLTAGE 
OPEN LOOP DIFFERENTIAL INPUT IMPEDANCE 


1 10 
SOURCE RESISTANCE () FREQUENCY (MHz) 

FIGURE 7. WIDEBAND INPUT NOISE VOLTAGE vs SOURCE FIGURE 8. TYPICAL OPEN-LOOP DIFFERENTIAL INPUT 
RESISTANCE IMPEDANCE vs FREQUENCY 


J 
25 zion 
Ta = +25°C Ss z W 
V+, V- = +15V rf oR 
poe, OR SSE GK OR MR HE A 3 << 
53 < co 
a. G «f 
= < e) 
g 15 : S 10. 
= CIRCUIT FIG. 16 CIRCUIT FIG. 15 = 
a (FOLLOWER) 10X AMPL > 
> \ ae 
a Oo 
5 4 QO 5, 
z 
5 , NU : 
oO 
0 Th 
0.01 0.1 1 10 400 0 +25 +5 +75 +10 +125 +15 417.5 +420 
FREQUENCY (MHz) SUPPLY VOLTAGE (V) 
FIGURE 9. MAXIMUM OUTPUT VOLTAGE SWING vs FIGURE 10. COMMON MODE INPUT VOLTAGE RANGE vs 


FREQUENCY SUPPLY VOLTAGE 


MAXIMUM OUTPUT VOLTAGE (V) 
SUPPLY CURRENT (mA) 


SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 
FIGURE 11. MAXIMUM OUTPUT VOLTAGE vs SUPPLY VOLTAGE FIGURE 12. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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Typical Performance Curves (Continued) 


INPUT BIAS CURRENT (A) 


0 
0 #225 36 


+7.5 +10 2125 +15 


+17.5 +20 


SUPPLY VOLTAGE (V) 
FIGURE 13. INPUT BIAS CURRENT vs SUPPLY VOLTAGE 


Test Circuits 
. rox = [22] [80 
@ z 
7 0.1 pF 
O4+—@ ‘3 " 
; (6 ) (OF7-° Vo 
‘ 
@ 51 (2) 20p * ze 
HP606A (4) m 
(5) WITH V; = 0 ADJ 
a o ee 
he -~---uglaertaliiaraghe O Tour rOaives 
= = = = = Vo =0+t0.1Vo¢ 
SET V, TO GIVE Cc Ry 10kQ 
DESIRED Vo LEVEL 
AT TEST FREQUENCY NULL ADJUST 
POTENTIOMETER 
AT FREQUENCY > 1MHz V, & Vo 
MEASURED WITH HF8405A 
VECTOR VOLTMETER 
FIGURE 14. OPEN-LOOP VOLTAGE GAIN TEST CIRCUIT AND 
OFFSET ADJUST CIRCUIT 
10pF V+ 
1) SLOPE = SR 
(3) 0.1pF 
OH4+-@ = Vo 
(6)—-4+-€9) 
aD az © 2k 
+10V (5) i 
PULSE 
ta s 10ns Nh 
t 21 psa, 
WIDTH 2 128 500pF ae 
C oat 


FIGURE 16. FOLLOWER SLEW RATE TEST CIRCUIT 


Ve 
&3 SLOPE = SR 
0.1pF 
vs eT. x 
Ss (3) — Vo eae 
(6) ©) 
51 
Ti POY 
PULSE 
ta s 10ns oS 20 = 
mor" mF 
220 
Q 
= SS = +4 =— = 


FIGURE 15. SLEW RATE IN 10X AMPLIFIER TEST CIRCUIT 


Bene ae Ay = 100X 
+15V 
INPUT REFERRED 
NOISE VOLTAGE 
-NO , 
POST AMPL & 


2 POLE 1MHz 
FILTER 


HP400EL 


Rs VTVM 


-15V = = 
FIGURE 17. WIDEBAND INPUT NOISE VOLTAGE TEST CIRCUIT 
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Test Circuits (continue) 


+15V 9 V+ 


Rx. = 250Q FOR Ioy TEST 
Vo 
lou = —— 


t+1V © 


FIGURE 18. OUTPUT VOLTAGE SWING (Voy), OUTPUT CUR- 
RENT SWING (Io,y,) TEST CIRCUIT 


Typical Applications 


-3dB BANDWIDTH = 20MHz 
TOTAL INPUT NOISE 
VOLTAGE REFERRED TO 
INPUT = 35uVams 


FIGURE 20. 20dB VIDEO AMPLIFIER 


+15V ¢ 


Vo(DC) = 
+V, PEAK 


-15V ¢ 
FIGURE 22. FAST POSITIVE PEAK DETECTOR 


1pF 


9 SETTLING POINT TO SCOPE 
FIGURE 19. SETTLING TIME TEST CIRCUIT 


au 
zt 
+15V q 2 i 
3dB BANDWIDTH = 15MHz q 5 
Ac, = 20dB tT $ 
Oo. 
INPUT 2N5320 O 
OUTPUT TO 
ERMINATED 
0.33 uF 500 TRANS- 
MISSION LINE 


DELIVERS FOLLOWING 
PEAK VOLTAGES TO 
50Q LINE: 


GAIN = 20dB 
“15V ¢ 


Bs ie 0.1pF 


FIGURE 21. 20dB VIDEO LINE DRIVER 


ZERO ADJ ; 
2000 +15V 


whl tL SCALE 
IMPEDANCE 
= 50kQ 
TEST 
LEADS 


ae CALIBRATION 
ADJUST 


FIGURE 23. 1MHz METER-DRIVER AMPLIFIER 
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BiMOS Operational Amplifier 
with MOSFET Input/CMOS Output 


GD 


April 1993 


Features 


¢ MOSFET Input Stage Provides: 
- Very High Z, = 1.5 TQ (1.5 x 10'2Q) Typ. 
- Very Low |, = 5pA Typ. at 15V Operation 
= 2pA Typ. at 5V Operation 


e Ideal for Single-Supply Applications 


e Common-Mode Input-Voltage Range Includes Nega- 
tive Supply Rail; Input Terminals can be Swung 0.5V 
Below Negative Supply Rail 


e CMOS Output Stage Permits Signal Swing to Either 
(or both) Supply Rails 

Applications 

e Ground-Referenced Single Supply Amplifiers 

e Fast Sample-Hold Amplifiers 


e Long-Duration Timers/Monostables 


High-Input-Ilmpedance Comparators 
(Ideal Interface with Digital CMOS) 


High-Input-Impedance Wideband Amplifiers 


e Voltage Followers (e.g. Follower for Single-Supply D/A 
Converter) 


e Voltage Regulators (Permits Control of Output Voltage 
Down to Zero Volts) 


e Peak Detectors 


Single-Supply Full-Wave Precision Rectifiers 


Photo-Diode Sensor Amplifiers 


Description 


CA3130A and CA3130 are integrated-circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. 


Gate-protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very-high-input imped- 
ance, very-low-input current, and exceptional speed perfor- 
mance. The use of PMOS field-effect transistors in the input 
stage results in common-mode input-voltage capability down 
to 0.5 volt below the negative-supply terminal, an important 
attribute in single-supply applications. 


A complementary-symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within 10 millivolts 
of either supply-voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 


The CA3130 Series circuits operate at supply voltages rang- 
ing from 5 to 16 volts, or +2.5 to +8 volts when using split 
supplies. They can be phase compensated with a single 
external capacitor, and have terminals for adjustment of off- 
set voltage for applications requiring offset-null capability. 
Terminal provisions can also made to permit strobing of the 
output stage. 


The CA3130A offers superior input characteristics over 
those of the CA3130. 


Pinouts Ordering Information 
CA3130, CA3130A CA3130, CA3130A PART TEMP. 
(PDIP, SOIC) (CAN) NUMBER RANGE 
TOP VIEW TOP VIEW 


PHASE 
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“a 
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OFFSET 
vt NU 
6 | OUTPUT INV, 
INPUT 


5 | OFFSET 
NULL 

NON-INV. 
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V AND CASE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Absolute Maximum Ratings Operating Conditions 
DC Supply Voltage (Between V* And V Terminals).......... 16V Operating Temperature Range (All Types) ....... -55°C to +125°C 
Differential-Mode Input Voltage ............. cee eee e eee 8V Storage Temperature Range(All Types) ......... -65°C to +150°C 
IG WHEE VONROG occ sce ds cc vecnane (V* +8 V) to (V -0.5V) 
UH Tat TOPIGT GAIITOU sc ccc descaeccs hans Cevedeteacave ImA 
Device Dissipation: 
Without Heat Sink- 
(22 | a & Bie aaa aan Ros Soe PRE NE 630 mW 
PMN ss ck cn sev deuieaes Derate Linearly 6.67 mwW?C 
With Heat Sink- 
SME a6 0 ot pew bi 6b 0.0.0 9558's oe bond Ramee 1W 
RRO ow icc x cae Picass Derate Linearly 16.7 mw/°C. 
Output Short-Circuit Duration (Note 1)...............4. Indefinite 
GUMIOTONT FOTO Gis ccs bi pecan baccetcucsewecas +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)..............05- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C, V+ = 15V, V- = OV (Unless Otherwise Specified) 


TEST 
PARAMETERS SYMBOLS | CONDITIONS 


Input Offset Voltage IViol Vt = t7:5V 
Input Offset Current Vt = +7.5V 
Input Current V+ = +7.5V 


Large-Signal Voltage Gain 


Common-Mode 
Rejection Ratio 
Common-Mode Input Vicr 
Voltage Range 


LIMITS 


z 


led] elalel-lel-|a 


Aoi Vo = 10 Vp-p kV/V 


Ry = 2kQ 


J 
So 


CMRR 


= 
< 


Power-Supply AVip/AVt | Vt =+7.5V 


=? 
=2 


Rejection Ratio 


Maximum Output Voltage 13.3 


Vomt At R, = kQ 
* Stee At R, = 2kQ 


lom+ (Source) at Vo = OV 


Maximum Output Current 


lowe (Sink) at Vo = 15V 


pV°C 


-e| | el=lel-lefale] #8] «|e /s|-[el-fa 


304) Sli 


NOTE: 
1. Short circuit may be applied to ground or to either supply. 
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Electrical Specifications Typical Values Intended Only for Design Guidance, V+ = +7. SV, V- =-7. BV, Ty = +25°C 
(Unless Otherwise Specified) 


CA3130A, 
PARAMETERS SYMBOL TEST CONDITIONS CA3130 


Input Offset Voltage Adjustment Range 10kQ Across Terms. 4 and 5 or 
4 and 1 


Input Resistance 
Input Capacitance f = 1MHz 
Equivalent Input Noise Voltage BW = 0.2MHz, Rs = 1MQ* 


Unity Gain Crossover Frequency 


Slew Rate: 
Open Loop 


Closed Loop 


Transient Response: Co = 5EpF, 
Cc. = 25pF, 
Rise Time R, = 2kwW 


(Voltage Follower) 
Overshoot 


Settling Time (To <0.1%, Vin = 4Vp_p) 


* Although a 1MQ source is used for this test, the equivalent input noise remains constant for values of Rg up to 10MQ. 


Electrical Specifications Typical Values Intended Only for Design Guidance, V+ = 5V, V- = OV, Ts, = +25°C 
(Unless Otherwise Specified) 
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PROTECTION FOR MOSFET INPUT STAGE 


PPP PABA ABABA AAZAZLAS 


SECOND 
STAGE 


OUTPUT 
STAGE 


SSC FCF FSF SSF SF SFSFFVFeeSVeESeVSVeVeSVeBSBeSeLE=eS=eSeSGeeceseeu Ges fee us= 


° 
Cc 
= 
v 
i 
4 


Qi2 


(s)~<— stTRoBING (4) v- 


FIGURE 1. SCHEMATIC DIAGRAM OF THE CA3130 SERIES 


Circuit Description 


Figure 2 is a block diagram of the CA3130 Series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5 V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli- 
cations. Consequently, the CA3130 Series circuits are ideal 
for single-supply operation. Three Class A amplifier stages, 
having the individual gain capability and current consump- 
tion shown in Figure 2, provide the total gain of the CA3130. 
A biasing circuit provides two potentials for common use in 
the first and second stages. Term. 8 can be used both for 
phase compensation and to strobe the output stage into qui- 
escence. When Term. 8 is tied to the negative supply rail 
(Term. 4) by mechanical or electrical means, the output 
potential at Term. 6 essentially rises to the positive supply- 
rail potential at Term. 7. This condition of essentially zero 
current drain in the output stage under the strobed “OFF” 
condition can only be achieved when the ohmic load resis- 
tance presented to the amplifier is very high (e.g.,when the 
amplifier output is used to drive CMOS digital circuits in 
Comparator applications). 


input Stages 


The circuit of the CA3130 is shown in Figure 1. It consists of 
a differential-input stage using PMOS field-effect transistors 
(Q6, Q7) working into a mirror-pair of bipolar transistors (Q9, 
Q10) functioning as load resistors together with resistors R3 
through R6. The mirror-pair transistors also function as a dif- 
ferential-to-single-ended converter to provide base drive to 
the second-stage bipolar transistor (Q11). Offset nulling, 
when desired, can be effected by connecting a 100,000Q 
potentiometer across Terms. 1 and 5 and the potentiometer 
slider arm to Term. 4. Cascade-connected PMOS transistors 
Q2, Q4 are the constant-current source for the input stage. 
The biasing circuit for the constant-current source is subse- 
quently described. The small diodes D5 through D8 provide 
gate-oxide protection against high-voltage transients, includ- 
ing static electricity during handling for Q6 and Q7. 


Second-Stage 


Most of the voltage gain in the CA3130 is provided by the 
second amplifier stage, consisting of bipolar transistor Q11 
and its cascade-connected load resistance provided by 
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PMOS transistors Q3 and Q5. The source of bias potentials 
for these PMOS transistors is subsequently described. Miller 
Effect compensation (roll-off) is accomplished by simply con- 
necting a small capacitor between Terms. 1 and 8. A 47- 
picofarad capacitor provides sufficient compensation for sta- 
ble unity-gain operation in most applications. 


Bias-Source Circuit 


At total supply voltages, somewhat above 8.3 volts, resistor 
R2 and zener diode Z1 serve to establish a voltage of 8.3 volts 
across the series-connected circuit, consisting of resistor R1, 
diodes D1 through D4, and PMOS transistor Q1. A tap at the 
junction of resistor R1 and diode D4 provides a gate-bias 
potential of about 4.5 volts for PMOS transistors Q4 and Q5 
with respect to Term. 7. A potential of about 2.2 volts is devel- 
oped across diode-connected PMOS transistor Q1 with 
respect to Term. 7 to provide gate bias for PMOS transistors 
Q2 and Q3. It should be noted that Q11 is “mirror-connected”* 
to both Q2 and Q3. Since transistors Qi, Q2, Q3 are 
designed to be identical, the approximately 200-microampere 
current in Q1 establishes a similar current in Q2 and Q3 as 
constant current sources for both the first and second ampli- 
fier stages, respectively. 


At total supply voltages somewhat less than 8.3 volts, zener 
diode Z1 becomes nonconductive and the potential, devel- 
oped across series-connected R1, D1-D4, and Q1, varies 
directly with variations in supply voltage. Consequently, the 
gate bias for Q4, Q5 and Q2, Q3 varies in accordance with 
supply-voltage variations. This variation results in deteriora- 
tion of the power-supply-rejection ratio (PSRR) at total sup- 
ply voltages below 8.3 volts. Operation at total supply 
voltages below about 4.5 volts results in seriously degraded 
performance. 


Output Stage 


The output stage consists of a drain-loaded inverting ampli- 
fier using CMOS transistors operating in the Class A mode. 
When operating into very high resistance loads, the output 
can be swung within millivolts of either supply rail. Because 
the output stage is a drain-loaded amplifier, its gain is 
dependent upon the load impedance. The transfer charac- 
teristics of the output stage for a load returned to the nega- 
tive supply rail are shown in Figure 5. Typical op-amp loads 
are readily driven by the output stage. Because large-signal 
excursions are non-linear, requiring feedback for good wave- 
form reproduction, transient delays may be encountered. As 
a voltage follower, the amplifier can achieve 0.01 percent 
accuracy levels, including the negative supply rail. 


* For general information on the characteristics of CMOS transistor- 
pairs in linear-circuit applications, see File Number 619, data bulle- 
tin on CAS600E “CMOS Transistor Array”. 
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“COMPENSATION.” 
OFFSET (WHEN REQUIRED) 


NULL 


TOTAL SUPPLY VOLTAGE (FOR INDICATED VOLTAGE GAINS) = 15V 


*WITH INPUT TERMINALS BIASED SO THAT TERM. 6 POTENTIAL 
IS +7.5V ABOVE TERM. 4. 


**WITH OUTPUT TERMINAL DRIVEN TO EITHER SUPPLY RAIL. 


FIGURE 2. BLOCK DIAGRAM OF THE CA3130 SERIES 


aot tl | |] SUEPLY VOLTAGE: V+ = 15V; V- = 0 
‘ SSO 7 Ta = +25°C 
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1 = LOAD RESISTANCE (R,) = 
2=C, = 30pF, Co = 15pF, Ry = 2kQ 
3 = Cy = 30pF, Cc = 47pF, Ry = 2kQ 
4=C, = 30pF, Co = 150pF, Ry = 2kQ 


FIGURE 3. OPEN-LOOP VOLTAGE GAIN AND PHASE SHIFT 
vs FREQUENCY 
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OPEN-LOOP VOLTAGE GAIN (dB) 


TEMPERATURE (°C) 
FIGURE 4. OPEN-LOOP GAIN vs TEMPERATURE 
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FIGURE 5. VOLTAGE TRANSFER CHARACTERISTICS OF 
CMOS OUTPUT STAGE 
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FIGURE 7. QUIESCENT SUPPLY CURRENT vs SUPPLY 
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input Current Variation with Common Mode Input 
Voltage 


As shown in the Table of Electrical Characteristics, the input 
current for the CA3130 Series Op-Amps is typically 5pA at Ta 
= +25°C when terminals 2 and 3 are at a common-mode 
potential of +7.5 volts with respect to negative supply Terminal 
4. Figure 10 contains data showing the variation of input cur- 
rent as a function of common-mode input voltage at T, = 
+25°C. These data show that circuit designers can advanta- 
geously exploit these characteristics to design circuits which 
typically require an input current of less than 1pA, provided 
the common-mode input voltage does not exceed 2 volts. As 
previously noted, the input current is essentially the result of 
the leakage current through the gate-protection diodes in the 
input circuit and, therefore, a function of the applied voltage. 
Although the finite resistance of the glass terminal-to-case 
insulator of the TO-5 package also contributes an increment 
of leakage current, there are useful compensating factors. 
Because the gate-protection network functions as if it is con- 
nected to Terminal 4 potential, and the TO-5 case of the 
CA3130 is also internally tied to Terminal 4, input terminal 3 is 
essentially “guarded” from spurious leakage currents. 


10 
pert tt | 


INPUT VOLTAGE (V) 


“1 0 1 2 3 4 5 6 7 
INPUT CURRENT (pA) 


FIGURE 10. INPUT CURRENT vs COMMON-MODE VOLTAGE 


Offset Nulling 


Offset-voltage nulling is usually accomplished with a 
100,000-ohm potentiometer connected across Terms. 1 and 
5 and with the potentiometer slider arm connected to 
Term. 4. A fine offset-null adjustment usually can be effected 
with the slider arm positioned in the mid-point of the potenti- 
ometer's total range. 


input-Current Variation with Temperature 


The input current of the CA3130 Series circuits is typically 
5pA at +25°C. The major portion of this input current is due 
to leakage current through the gate-protective diodes in the 


input circuit. As with any semiconductor-junction device, 
including op-amps with a junction-FET input stage, the leak- 
age current approximately doubles for every +10°C increase 
in temperature. Figure 11 provides data on the typical varia- 
tion of input bias current as a function of temperature in the 
CA3130. 
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FIGURE 11. INPUT CURRENT vs AMBIENT TEMPERATURE 


In applications requiring the lowest practical input current 
and incremental increases in current because of “warm-up” 
effects, it is suggested that an appropriate heat sink be used 
with the CA3130. In addition, when “sinking” or “sourcing” 
significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, heat- 
sinking can also very markedly reduce and stabilize input 
current variations. 


Input-Offset-Voltage (Vio) Variation with DC Bias vs 
Device Operating Life 


It is well known that the characteristics of a MOSFET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magni- 
tude of the change is increased at high temperatures. Users 
of the CA3130 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper- 
ation at high temperatures with a significant differential dc 
bias voltage applied across Terms. 2 and 3. Figure 12 shows 
typical data pertinent to shifts in offset voltage encountered 
with CA3130 devices (TO-5 package) during life testing. At 
lower temperatures (TO-5 and plastic), for example at 
+85°C, this change in voltage is considerably less. In typical 
linear applications where the differential voltage is small and 
symmetrical, these incremental changes are of about the 
same magnitude as those encountered in an operational 
amplifier employing a bipolar transistor input stage. The two- 
volt de differential voltage example represents conditions 
when the amplifier output stage is “toggled”, e.g., as in com- 
parator applications. 
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FIGURE 12. TYPICAL INCREMENTAL OFFSET-VOLTAGE 
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(B) SINGLE POWER-SUPPLY OPERATION 


FIGURE 13. CA3130 OUTPUT STAGE IN DUAL AND SINGLE 


POWER-SUPPLY OPERATION 


Power-Supply Considerations 


Because the CA3130 is very useful in single-supply applica- 
tions, it is pertinent to review some considerations relating to 
power-supply current consumption under both single-and 
dual-supply service. Figures 13A and 13B show the CA3130 
connected for both dual-and single-supply operation. 


Dual-supply Operation: When the output voltage at Term. 6 
is zero-volts, the currents supplied by the two power supplies 
are equal. When the gate terminals of Q8 and Q12 are 
driven increasingly positive with respect to ground, current 
flow through Q12 (from the negative supply) to the load is 
increased and current flow through Q8 (from the positive 
supply) decreases correspondingly. When the gate terminals 
of Q8 and Q12 are driven increasingly negative with respect 
to ground, current flow through Q8 is increased and current 
flow through Q12 is decreased accordingly. 


Single-supply Operation: Initially, let it be assumed that the 
value of R, is very high (or disconnected), and that the input- 
terminal bias (Terms. 2 and 3) is such that the output termi- 
nal (No. 6) voltage is at V+/2, i.e., the voltage-drops across 
Q8 and Q12 are of equal magnitude. Figure 6 shows typical 
quiescent supply-current vs supply-voltage for the CA3130 
operated under these conditions. Since the output stage is 
operating as a Class A amplifier, the supply-current will 
remain constant under dynamic operating conditions as long 
as the transistors are operated in the linear portion of their 
voltage-transfer characteristics (see Figure 5). If either Q8 or 
Q12 are swung out of their linear regions toward cut-off (a 
non-linear region), there will be a corresponding reduction in 
Supply-current. In the extreme case, e.g., with Term. 8 
swung down to ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the supply-current to 
series-connected transistors Q8, Q12 goes essentially to 
zero. The two preceding stages in the CA3130, however, 
continue to draw modest supply-current (see the lower curve 
in Figure 6) even though the output stage is strobed off. Fig- 
ure 13A shows a dual-supply arrangement for the output 
stage that can also be strobed off, assuming R, = ¢ by pull- 
ing the potential of Term. 8 down to that of Term. 4. 


Let it now be assumed that a load-resistance of nominal 
value (@.g., 2 kilohms) is connected between Term. 6 and 
ground in the circuit of Figure 13B. Let it further be assumed 
again that the input-terminal bias (Terms. 2 and 3) is such 
that the output terminal (No. 6) voltage is at V+/2. Since 
PMOS transistor Q8 must now supply quiescent current to 
both R, and transistor Q12, it should be apparent that under 
these conditions the supply-current must increase as an 
inverse function of the Ri magnitude. Figure 8 shows the 
voltage-drop across PMOS transistor Q8 as a function of 
load current at several supply voltages. Figure 5 shows the 
voltage-transfer characteristics of the output stage for sev- 
eral values of load resistance. 


Wideband Noise 


From the standpoint of low-noise performance consider- 
ations, the use of the CA3130 is most advantageous in appli- 
cations where in the source resistance of the input signal is 
on the order of 1 megohm or more. In this case, the total 
input-referred noise voltage is typically only 23.V when the 
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test-circuit amplifier of Figure 14 is operated at a total supply 
voltage of 15 volts. This value of total input-referred noise 
remains essentially constant, even though the value of 
source resistance is raised by an order of magnitude. This 
characteristic is due to the fact that reactance of the input 
Capacitance becomes a significant factor in shunting the 
source resistance. It should be noted, however, that for val- 
ues of source resistance very much greater than 1 megohm, 
the total noise voltage generated can be dominated by the 
thermal noise contributions of both the feedback and source 
resistors. 


NOISE 
9 VOLTAGE 
OUTPUT 


BW (-3dB) = 200kHz 
TOTAL NOISE VOLTAGE (REFERRED 
TO INPUT) = 23,V TYP. = 


FIGURE 14. TEST-CIRCUIT AMPLIFIER (30-dB GAIN) USED 
FOR WIDEBAND NOISE MEASUREMENTS 


Typical Applications 
Voltage Followers 


Operational amplifiers with very high input resistances, like 
the CA3130, are particularly suited to service as voltage fol- 
lowers. Figure 15 shows the circuit of a classical voltage fol- 
lower, together with pertinent waveforms using the CA3130 
in a split-supply configuration. 


A voltage follower, operated from a single supply, is shown in 
Figure 16, together with related waveforms. This follower cir- 
cuit is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Figure 16A with 
input-signal ramping. The waveforms in Figure 16B show 
that the follower does not lose its input-to-output phase- 
sense, even though the input is being swung 7.5 volts below 
ground potential. This unique characteristic is an important 
attribute in both operational amplifier and comparator appli- 
cations. Figure 16B also shows the manner in which the 
CMOS output stage permits the output signal to swing down 
to the negative supply-rail potential (i.e., ground in the case 
shown). The digital-to-analog converter (DAC) circuit, 
described in the following section, illustrates the practical 
use of the CA3130 in a single-supply voltage-follower appli- 
cation. 


SR = 10V/us 


Output 
Input 


Top Trace: 
Bottom Trace: 


(A) SMALL-SIGNAL RESPONSE (50mV/DIV. AND 200ns/DIV.) 


See Sy 


Top Trace: Output Signal (2V/DIV. and 5yus/DIV.) 
Center Trace: Difference Signal (5mV/DIV. and 5ys/DIV.) 
Bottom Trace: Input Signal (2V/DIV. and 5yus/DIV.) 


(B) INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING SET- 
TLING TIME (MEASUREMENT MADE WITH TEKTRONIX 
7A13 DIFFERENTIAL AMPLIFIER) 


FIGURE 15. SPLIT-SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS 
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(A) OUTPUT-WAVEFORM 
DIV. AND 500us/DIV.) 


Top Trace: 
Bottom Trace: 


Input Signal (5V/DIV. and 200ps/DIV.) 


(B) OUTPUT WAVEFORM WITH GROUND-REFERENCE SINE- 
WAVE INPUT 


FIGURE 16. SINGLE-SUPPLY VOLTAGE-FOLLOWER WITH 
ASSOCIATED WAVEFORMS. (e.g., FOR USE IN SIN- 
GLE-SUPPLY D/A CONVERTER; SEE FIGURE 9 IN 
AN6080) 


9-Bit COS/MOS DAC 


A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Figure 17 This system combines the concepts of 
multiple-switch CMOS IC's, a low-cost ladder network of dis- 
crete metal-oxide-film resistors, a CA3130 op-amp con- 
nected as a follower, and an inexpensive monolithic 
regulator in a simple single power-supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 10-volt logic levels are used in 
the circuit of Figure 17. 


The circuit uses an R/2R voltage-ladder network, with the 
output potential obtained directly by terminating the ladder 
arms at either the positive or the negative power-supply ter- 
minal. Each CD4007A contains three “inverters”, each 
“inverter” functioning as a single-pole double-throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one percent tolerance metal-oxide film resistors. 
The five arms requiring the highest accuracy are assembled 
with series and parallel combinations of 806,000-ohm resis- 
tors from the same manufacturing lot. 


A single 15-volt supply provides a positive bus for the 
CA3130 follower amplifier and feeds the CA3085 voltage 
regulator. A “scale-adjust” function is provided by the regula- 
tor output control, set to a nominal 10-volt level in this sys- 
tem. The line-voltage regulation (approximately 0.2%) 
permits a 9-bit accuracy to be maintained with variations of 
several volts in the supply. The flexibility afforded by the 
COS/MOS building blocks simplifies the design of DAC sys- 
tems tailored to particular needs. 


Single-Supply, Absolute-Value, Ideal Full-Wave Rectifier 


The absolute-value circuit using the CA3130 is shown in Figure 
18. During positive excursions, the input signal is fed through 
the feedback network directly to the output. Simultaneously, the 
positive excursion of the input signal also drives the output ter- 
minal (No. 6) of the inverting amplifier in a negative-going 
excursion such that the 1N914 diode effectively disconnects the 
amplifier from the signal path. During a negative-going excur- 
sion of the input signal, the CA3130 functions as a normal 
inverting amplifier with a gain equal to -R2/R1. When the equal- 
ity of the two equations shown in Figure 18 is satisfied, the full- 
wave output is symmetrical. 


Peak Detectors 


Peak-detector circuits are easily implemented with the 
CA3130, as illustrated in Figure 19 for both the peak-positive 
and the peak-negative circuit. It should be noted that with 
large-signal inputs, the bandwidth of the peak-negative cir- 
cuit is much less than that of the peak-positive circuit. The 
second stage of the CA3130 limits the bandwidth in this 
case. Negative-going output-signal excursion requires a pos- 
itive-going signal excursion at the collector of transistor Q11, 
which is loaded by the intrinsic capacitance of the associ- 
ated circuitry in this mode. On the other hand, during a neg- 
ative-going signal excursion at the collector of Q11, the 
transistor functions in an active “pull-down” mode so that the 
intrinsic capacitance can be discharged more expeditiously. 
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10V LOGIC INPUTS 


+10.010 
: REQUIRED 
- BIT BATIO-MATCH 
2 1 STANDARD 
Oo © @Y 2 tOa% 
3 +0.2% 
(2) 4 +0.4% 
5 +0.8% 
CD4007A CD4007A 
“SWITCHES” “SWITCHES” .. . eee 
.) ALL RESISTANCES IN OHMS 
ra © w (2) S) (4) | (8) 
806K 806K ¢ 806K< 806K 
s+ 31% 1% $1% 21% 
—_—_— 
aes PARALLELED 
RESISTORS 
= +8 10K 
VOLTAGE ey 
+15v REGULATOR G) 
OUTPUT S 
+10.010 “ : VOLTAGE 
FOLLOWER 
age LOAD 
A REGULATED by 
VOLTAGE 
; ADJ 
3 83K 


til 0.1pF 


ForX = 0.5: pee = = Top Trace: Output Signal (2V/div.) 
2 Bottom Trace: Input Signal (10V/div.) 
Rg = 4kQ( —) = 6kQ Time base on both traces: 0.2ms/div. 


20Vp-p Input: BW(-3dB) = 230kHz, DC Output (Avg.) = 3.2V 
1Vp-p Input: BW(-3dB) = 130kHz, DC Output (Avg.) = 160mV 


FIGURE 18. SINGLE-SUPPLY, ABSOLUTE-VALUE, IDEAL FULL-WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS 
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6Vp.p INPUT; 


+7.5V > +7.5V 
BW(-3dB) = 1.3MHz BW(-3dB) = 360kHz 
0.3 Vp_p INPUT; 0.3 Vp._p INPUT; 
BW(-3dB) = 240kHz BW(-3dB) = 320kHz 
+DC -DC 


(A) PEAK POSITIVE DETECTOR CIRCUIT (B) PEAK NEGATIVE DETECTOR CIRCUIT 


FIGURE 19. PEAK-DETECTOR CIRCUITS 


CURRENT 

LIMIT 
30 ADJ 

+ 2 je 

zc 

O ui 

<b 

her 

cs 

a. 
Oo < 


= 


+* OUTPUT 
0 TO 13V 
AT 
40mA 
5uF = 
25V 
+20V 
INPUT 
30kQ 


VOLTAGE 
ADJUST 


REGULATION (NO LOAD TO FULL LOAD): < 0.01% 
INPUT REGULATION: 0.02%/V 
HUM AND NOISE OUTPUT: < 25. V UP TO 100kHz 


FIGURE 20. VOLTAGE REGULATOR CIRCUIT (0 TO 13V AT 40mA) 
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2N3055 i 12 
5 + 
nA NE 2 
ae CURRENT 


LIMIT 


100yF 
"FR 100pF wee 
OUTPUT: 
serie 0.1 TO 50V 
INPUT | IC2 ATIA 


SCR PAAABAAVPAAAA BAL AABAAABe @sa2aerpaeanana 


ema 
: Pe 
© 
s °F 


REGULATION (NO LOAD TO FULL LOAD): < 0.005% 


VOLTAGE 
ADJUST 
INPUT REGULATION: 0.01%/V 


HUM AND NOISE OUTPUT: < 250,V RMS UP TO 100kHz 


FIGURE 21. VOLTAGE REGULATOR CIRCUIT (0.1 TO 50V AT 1A) 
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Error-Amplifier in Regulated-Power Supplies 


The CA3130 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. Figure 20 shows the schematic diagram of a 
40mA power supply capable of providing regulated output 
voltage by continuous adjustment over the range from 0 to 
13 volts. Q3 and Q4 in IC2 (a CA3086 transistor-array IC) 
function as zeners to provide supply-voltage for the CA3130 
comparator (IC1). Q1, Q2, and Q5 in IC2 are configured as a 
low impedance, temperature-compensated source of adjust- 
able reference voltage for the error amplifier. Transistors Q1, 
Q2, Q3, and Q4 in IC3 (another CA3086 transistor-array IC) 
are connected in parallel as the series-pass element. Tran- 
sistor Q5 in IC3 functions as a current-limiting device by 
diverting base drive from the series-pass transistors, in 
accordance with the adjustment of resistor R2. 


Figure 21 contains the schematic diagram of a regulated 
power-supply capable of providing regulated output voltage 
by continuous adjustment over the range from 0.1 to 50 volts 
and currents up to 1 ampere. The error amplifier (IC1) and 
circuitry associated with IC2 function as_ previously 
described, although the output of IC1 is boosted by a dis- 
crete transistor (Q4) to provide adequate base drive for the 
Darlington-connected series-pass transistors Q1, Q2. Tran- 
sistor Q3 functions in the previously described current-limit- 
ing Circuit. 


Multivibrators 


The exceptionally high input resistance presented by the 
CA3130 is an attractive feature for multivibrator circuit 
design because it permits the use of timing circuits with high 
R/C ratios. The circuit diagram of a pulse generator (astable 
multivibrator), with provisions for independent control of the 
“on” and “off” periods, is shown in Figure 22. Resistors R1 
and R2 are used to bias the CA3130 to the mid-point of the 
supply-voltage and R3 is the feedback resistor. The pulse 
repetition rate is selected by positioning S1 to the desired 
position and the rate remains essentially constant when the 
resistors which determine “on-period” and “off-period” are 
adjusted. 


Function Generator 


Figure 23 contains a schematic diagram of a function gener- 
ator using the CA3130 in the integrator and threshold detec- 
tor functions. This circuit generates a triangular or square- 
wave output that can be swept over a 1,000,000:1 range (0.1 
Hz to 100 kHz) by means of a single control, R1. A voltage- 
control input is also available for remote sweep-control. 


The heart of the frequency-determining system is an opera- 
tional-transconductance-amplifier (OTA)*, IC1, operated as a 
voltage-controlled current-source. The output, Io, is a current 
applied directly to the integrating capacitor, C1, in the feed- 
back loop of the integrator IC2, using a CA3130, to provide 
the triangular-wave output. Potentiometer R2 is used to 
adjust the circuit for slope symmetry of positive-going and 
negative-going signal excursions. 


Another CA3130, IC3, is used as a controlled switch to set 
the excursion limits of the triangular output from the integra- 
tor circuit. Capacitor C2 is a “peaking adjustment” to opti- 
mize the high-frequency square-wave performance of the 
Circuit. 


Potentiometer R3 is adjustable to perfect the “amplitude 
symmetry” of the square-wave output signals. Output from 
the threshold detector is fed back via resistor R4 to the input 
of IC1 so as to toggle the current source from plus to minus 
in generating the linear triangular wave. 


Operation with Output-Stage Power-Booster 


The current-sourcing and-sinking capability of the CA3130 
Output stage is easily supplemented to provide power-boost 
capability. In the circuit of Figure 24, three CMOS transistor- 
pairs in a single CA3600E* IC array are shown parallel con- 
nected with the output stage in the CA3130. In the Class A 
mode of CAS600E shown, a typical device consumes 20 mA 
of supply current at 15V operation. This arrangement boosts 
the current-handling capability of the CA3130 output stage 
by about 2.5X. 


The amplifier circuit in Figure 24 employs feedback to estab- 
lish a closed-loop gain of 48 dB. The typical large-signal 
bandwidth (-3dB) is 50 kHz. 


* See File Number 619 for technical information. 


O +15V 


=. 0.01 nF 


ON-PERIOD OFF-PERIOD 


ADJUST 


FREQUENCY RANGE: 
POSITION OFS! PULSE PERIOD 
0.001pF 4ys to 1ms 
0.0ipF 40pus to 10ms 
0.1pF 0.4us to 100ms 
1pF 4ystois 


FIGURE 22. PULSE GENERATOR (ASTABLE MULTIVIBRATOR) 
WITH PROVISIONS FOR INDEPENDENT CON- 
TROL OF “ON” AND “OFF” PERIODS. 
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NTEGRATOR 
VOLTAGE-CONTROLLED are , Ci 


CURRENT SOURCE 


THRESHOLD 
DETECTOR 


HIGH - FREQ. 
ADJUST 


aS (4) (3) A) 39kQ 6) 
+7.5V 10MQ 9 -7.5V = (3) 3 fa) 
+7.5V (4) on. (5) 
R2 > -7.5V a 
100kQ > SLOPE 22ka “V/ = 
SYMMETRY 10kQ 56pF 
100kQ 
eget FREQUENCY 
-7.5V ° VOLTAGE Ri ADJUST AMPLITUDE rl 
CONTROLLED 10kQ (100kHz MAX) SYMMETRY 
INPUT L wieg ADJUST 
2S aS -7.5V 


* SEE FILE NUMBER 475 AND AN6668 
FOR TECHNICAL INFORMATION 


FIGURE 23. FUNCTION GENERATOR (FREQUENCY CAN BE VARIED 1,000,000/1 WITH A SINGLE CONTROL). 


+15V 
0.01 uF 1 4) (2) ® 
= ’ CA3600E* is 
1pF + CA3600E* 
pi | p2 || ps 


750kQ O 


Aig (3) 
55 oe D p>—{5) 


1uF car 500uF 
p 
© (5) GH Qo 42) 
(4) a EY R, = 100Q 
(Po = 150mW 
AT THD = 10%) 
LARGE SIGNAL 
BW(-3 dB) = 50kHz 
NOTE: 
TRANSISTORS p1, p2, p3 AND 
n1, n2, n3 ARE PARALLEL 
CONNECTED WITH Q8 AND Q12, 
RESPECTIVELY, OF THE CA3130 


*SEE FILE NUMBER 619 
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FIGURE 24. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3130. 
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ons CA3140 


BiMOS Operational Amplifier 


April 1993 with MOSFET Input/Bipolar Output 
Features Description 
e MOSFET Input Stage The CA3140A and CA3140 are integrated circuit operational amplifiers 


- Very High Input Impedance (Z,y) -1.5TQ (Typ.) that combine the advantages of high voltage PMOS transistors with 
F <i high voltage bipolar transistors on a single monolithic chip. Because of 
Very’Low Input Cutront (iy) T0pe (Typ) st 213V this unique combination of technologies, this device can now provide 
- Wide Common Mode Input Voltage Range designers, for the first time, with the special performance features of 
(VICR) - Can be Swung 0.5V Below Negative the CA3130 CMOS operational amplifiers and the versatility of the 741 


Supply Voltage Rail series of industry standard operational amplifiers. 
- Output Swing Complements Input Common — tne ¢A3140A and CA3140 BiMOS operational amplifiers feature gate 
Mode Range protected MOSFET (PMOS) transistors in the input circuit to provide 
¢ Directly Replaces Industry Type 741 in Most _ very high input impedance, very low input current, and high speed per- 
Applications formance. The CA3140A and CA3140 operate at supply voltage from 
4V to 36V (either single or dual supply). These operational amplifiers 
Applications are internally phase compensated to achieve stable operation in unity 


gain follower operation, and additionally, have access terminal for a 


¢ Ground-Referenced Single Supply Amplifiers in supplementary external capacitor if additional frequency roll-off is z ey 
Automobile and Portable Instrumentation desired. Terminals are also provided for use in applications requiring 5 ui 
¢ Sample and Hold Amplifiers input offset voltage nulling. The use of PMOS field effect transistors in FE oe 
the input stage results in common mode input voltage capability down co 
e Long Duration Timers/Multivibrators to 0.5V below the negative supply terminal, an important attribute for us 
(useconds-Minutes-Hours) single supply applications. The output stage uses bipolar transistors o*< 

¢ Photocurrent Instrumentation and includes built-in protection against damage from load terminal 


short circuiting to either supply rail or to ground. 
The CA3140 Series has the same 8-lead pinout used for the “741” and 


e Peak Detectors 


° Active Filters other industry standard op amps. The CA3140A and CA3140 are 
e Comparators intended for operation at supply voltages up to 36V (+18V). 
e Interface in 5V TTL Systems and Other Low 


Supply Voltage Systems Ordering Information 


e All Standard Operational Amplifier Applications Bi Bren Li atidbilel |___PACKAGE 
CA3140AE -55°C to +125°C 8 Lead Plastic DIP 
e Function Generators 
CA3140AM -55°C to +125°C 8 Lead SOIC 
* Tone Controls CA3140AS -55°C to +125°C | 8 Pin Can, Lead Formed 
Power Supplies CA3140AT -55°C to +125°C 
Portable Instruments CA3140BT -55°C to +125°C 
intrusion Alarm Systems CA3140E -55°C to+125°C | 8 Lead Plastic DIP 
CA3140M96 -55°C to +125°C 8 Lead SOIC* 
CA3140T -55°C to +125°C 


* Denotes Tape and Reel 


Pinouts 
CA3140 (TO-5 STYLE CAN) CA3140 (PDIP, SOIC) 
TOP VIEW TOP VIEW 
TAB 
STROBE OFFSET 
OFFSET (7) 7) Vs NULL 
Spe INV. INPUT | 2 | 
INV. (2) (6) OUTPUT NON-INV 
INPUT INPUT 
NON-INV. (3) OFFSET v- | 4 | 
INPUT NULL 
V- AND CASE 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 975.2 
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Absolute Maximum Ratings 


DC Supply Voltage (Between V+ and V- Terminals).......... 36V 
Differential Mode Input Voltage. ........... 00. cee cece cee 8V 
DG TRU VORRNG 5b asics cscs ces tpien ss (V+ +8V) To (V- -0.5V) 
imput terrnvanal GUmpont!. fs EEE Poe ees SP eee AREAS. imA 
Output Short Circuit Duration *. 2.2... ee eee Indefinite 
HOIGUOM TQIMDOTEUNO <0 a ccc oo. bc pn coe ce cp nee eean +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)...........0eeeee +300°C 


* Short circuit may be applied to ground or to either supply. 


Operating Conditions 
OperatingTemperature Range (All Types)........ -55°C to +125°C 
Storage Temperature Range (All Types)......... -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 


Input Offset Voltage Adjustment Resistor 


V+ = +15V, V- = -15V, Ty = +25°C 


Typical Value of Resistor 
Between Term. 4 and 5 or 4 
and 1 to Adjust Max. Vio 


we 


Input Capacitance C 


Output Resistance 


Equivalent Wideband Input Noise Voltage 
(See Figure 35) 


Equivalent Input Noise Voltage (See Figure 7) 


Short Circuit Current to Opposite Supply 


Source 


Gain-Bandwidth Product, (See Figures 2 & 15) 
Slew Rate, (See Figure 3) 


Sink Current From Terminal 8 To Terminal 4 to Swing 
Output Low 


Transient Response: 
Rise Time 
Overshoot (See Figure 34) 
Settling Time at 10 V,.,, (See Figure 14) 


imvV 


BW = 140kHz 
Rg = 1MQ 


C, = 100pF 
Voltage Follower 
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Electrical Specifications For Equipment Design. At V+ = 15V, V- = 15V, T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL 


Input Offset Voltage 
Input Offset Current foe Mol} | 
CMRR 


Large Signal Voltage Gain (Note 1) 
(See Figures 1, 15) 
Vicor -15.5 
to 
+12.5 


Common Mode Rejection Ratio 
(See Figure 6) 


Common Mode Input Voltage Range 
(See Figure 17) 


Power-Supply Rejection Ratio, 
AVid/AVg (See Figure 8) 


OPERATIONAL 
AMPLIFIERS 


Max. Output Voltage (Note 2) 
(See Figures 10, 17) 


Supply Current (See Figure 4) ree 
Device Dissipation Peo ta 
Input Offset Voltage Temp. Drift, 

AVio/AT 


NOTES: 
1. At Vo = 26V,.p, +12V, 14V and R, = 2kQ. 
2. AtR, = 2kQ. 


Electrical Specifications For Design Guidance. At V+ = 5 V, V- = OV, T, = +25°C 


a 
feonwonen Cd 
a 
CO 
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Electrical Specifications For Design Guidance. At V+ = 5 V, V- = OV, T, = +25°C (Continued) 


PARAMETERS srmeo. | casio | exstoo | unr | 
Ao 


Large Signal Voltage Gain 
(See Figures 1, 15) 


Common Mode Rejection Ratio, 


Common Mode Input Voltage Range (See Figure 17) 


Power Supply Rejection Ratio 


Maximum Output Voltage (See Figures 10, 17) 


Maximum Output Current: 


Source 


Slew Rate (See Figure 3) 
Gain-Bandwidth Product (See Figure 2) 
Supply Current (See Figure 4) 


Device Dissipation 


Sink Current from Term. 8 to Term. 4 to Swing Output Low 
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Block Diagram 
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BBWV®*sV SF B® VV VeVSVesVeBBVesVe2eVeseeeeqGeeseeseeeaeageaesue 


SFRPPAABPABAAABAAABABAAALAAABABLEBABAZAAAs 


INPUT 


+ 
Vy. 


aw pe oathaath a ees te Pie er oat * 
wmeeweeueueeweene! 


J 
. 


] 
] 
= 
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s+ SB ee eosin 
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Schematic Diagram 
3 
; 
4 
NON-INVERTING 


ALL RESISTANCE VALUES ARE IN Q 
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Circuit Description 


As shown in the block diagram, the input terminals may be 
operated down to 0.5V below the negative supply rail. Two 
class A amplifier stages provide the voltage gain, and a 
unique class AB amplifier stage provides the current gain 
necessary to drive low-impedance loads. 


A biasing circuit provides control of cascoded constant 
current flow circuits in the first and second stages. The 
CA3140 includes an on chip phase compensating capacitor 
that is sufficient for the unity gain voltage follower 
configuration. 


Input Stages 


The schematic diagram consists of a differential input stage 
using PMOS field-effect transistors (Q9, Q10) working into a 
mirror pair of bipolar transistors (Q11, Q12) functioning as 
load resistors together with resistors R2 through R5. The 
mirror pair transistors also function as a differential-to-single- 
ended converter to provide base current drive to the second 
stage bipolar transistor (Q13). Offset nulling, when desired, 
can be effected with a 10kQ potentiometer connected across 
terminals 1 and 5 and with its slider arm connected to 
terminal 4. Cascode connected bipolar transistors Q2, Q5 
are the constant current source for the input stage. The base 
biasing circuit for the constant current source is described 
subsequently. The small diodes D3, D4, D5 provide gate 
oxide protection against high voltage transients, e.g., static 
electricity. 


Second Stage 


Most of the voltage gain in the CA3140 is provided by the 
second amplifier stage, consisting of bipolar transistor Q13 
and its cascode connected load resistance provided by 
bipolar transistors Q3, Q4. On-chip phase compensation, 
sufficient for a majority of the applications is provided by C1. 
Additional Miller-Effect compensation (roll off) can be 
accomplished, when desired, by simply connecting a small 
capacitor between terminals 1 and 8. Terminal 8 is also used 
to strobe the output stage into quiescence. When terminal 8 
is tied to the negative supply rail (terminal 4) by mechanical 
or electrical means, the output terminal 6 swings low, i.e., 
approximately to terminal 4 potential. 


Output Stage 


The CA3140 Series circuits employ a broad band output 
stage that can sink loads to the negative supply to 
complement the capability of the PMOS input stage when 
operating near the negative rail. Quiescent current in the 
emitter-follower cascade circuit (Q17, Q18) is established by 
transistors (Q14, Q15) whose base currents are “mirrored” to 
current flowing through diode D2 in the bias circuit section. 


When the CA3140 is operating such that output terminal 6 is 
sourcing current, transistor Q18 functions as an emitter- 
follower to source current from the V+ bus (terminal 7), via 
D7, R9, and R11. Under these conditions, the collector 
potential of Q13 is sufficiently high to permit the necessary 
flow of base current to emitter follower Q17 which, in turn, 
drives Q18. 


When the CA3140 is operating such that output terminal 6 is 
sinking current to the V- bus, transistor Q16 is the current 
sinking element. Transistor Q16 is mirror connected to D6, 
R7, with current fed by way of Q21, R12, and Q20. Transistor 
Q20, in turn, is biased by current flow through R13, zener 
D8, and R14. The dynamic current sink is controlled by 
voltage level sensing. For purposes of explanation, it is 
assumed that output terminal 6 is quiescently established at 
the potential midpoint between the V+ and V- supply rails. 
When output current sinking mode operation is required, the 
collector potential of transistor Q13 is driven below its 
quiescent level, thereby causing Q17, Q18 to decrease the 
Output voltage at terminal 6. Thus, the gate terminal of 
PMOS transistor Q21 is displaced toward the V- bus, thereby 
reducing the channel resistance of Q21. As a consequence, 
there is an incremental increase in current flow through Q20, 
R12, Q21, D6, R7, and the base of Q16. As a result, Q16 
sinks current from terminal 6 in direct response to the 
incremental change in output voltage caused by Q18. This 
sink current flows regardless of load; any excess current is 
internally supplied by the emitter-follower Q18. Short circuit 
protection of the output circuit is provided by Q19, which is 
driven into conduction by the high voltage drop developed 
across R11 under output short circuit conditions. Under 
these conditions, the collector of Q19 diverts current from 
Q4 so as to reduce the base current drive from Q17, thereby 
limiting current flow in Q18 to the short circuited load 
terminal. 


Bias Circuit 


Quiescent current in all stages (except the dynamic current 
sink) of the CA3140 is dependent upon bias current flow in 
R1. The function of the bias circuit is to establish and 
maintain constant current flow through D1, Q6, Q8 and D2. 
D1 is a diode connected transistor mirror connected in 
parallel with the base emitter junctions of Q1, Q2, and Q3. 
D1 may be considered as a current sampling diode that 
senses the emitter current of Q6 and automatically adjusts 
the base current of Q6 (via Q1) to maintain a constant 
current through Q6, Q8, D2. The base currents in Q2, Q3 
are also determined by constant current flow D1. 
Furthermore, current in diode connected transistor Q2 
establishes the currents in transistors Q14 and Q15. 
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Metallization Mask Layout 


oe 


58-66 
(1.473-1.676) 


ae ea 


z2 

(0.102-0.254) 5 Wu 

62-70 = * 

(1.575-1.778) ce 

Ww = 

; ; ; : aitseat 5 Oo < 
Dimensions in parenthesis are in millimeters and are derived oO 


from the basic inch dimensions as indicated. Grid graduations 
are in mils (10° inch). 


The photographs and dimensions represent a chip when it is 
part of the wafer. When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the face of the 
chip. Therefore, the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 


Typical Performance Curves 
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Typical Performance Curves (Continued) 
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FIGURE 3. SLEW RATE vs SUPPLY VOLTAGE AND 
TEMPERATURE 
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FIGURE 5. MAXIMUM OUTPUT VOLTAGE SWING vs 
FREQUENCY 
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FIGURE 7. EQUIVALENT INPUT NOISE VOLTAGE vs 
FREQUENCY 
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FIGURE 4. QUIESCENT SUPPLY CURRENT vs SUPPLY 
VOLTAGE AND TEMPERATURE 
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FIGURE 6. COMMON MODE REJECTION RATIO vs FREQUENCY 
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Applications Considerations 


Wide dynamic range of input and output characteristics with 
the most desirable high input impedance characteristics is 
achieved in the CA3140 by the use of an unique design based 
upon the PMOS Bipolar process. Input common mode voltage 
range and output swing capabilities are complementary, 
allowing operation with the single supply down to 4V. 


The wide dynamic range of these parameters also means 
that this device is suitable for many single supply applica- 
tions, such as, for example, where one input is driven below 
the potential of terminal 4 and the phase sense of the output 
signal must be maintained — a most important consideration 
in comparator applications. 


Output Circuit Considerations 


Excellent interfacing with TTL circuitry is easily achieved 
with a single 6.2V zener diode connected to terminal 8 as 
shown in Figure 9. This connection assures that the maxi- 
mum output signal swing will not go more positive than the 
zener voltage minus two base-to-emitter voltage drops within 
the CA3140. These voltages are independent of the operat- 
ing supply voltage. 
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FIGURE 9. ZENER CLAMPING DIODE CONNECTED TO TERME 
NALS 8 AND 4 TO LIMIT CA3140 OUTPUT SWING 
TO TTL LEVELS 
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FIGURE 10. VOLTAGE ACROSS OUTPUT TRANSISTORS Q15 
AND Q16 vs LOAD CURRENT 


Figure 10 shows output current sinking capabilities of the 
CA3140 at various supply voltages. Output voltage swing to 
the negative supply rail permits this device to operate both 
power transistors and thyristors directly without the need for 
level shifting circuitry usually associated with the 741 series 
of operational amplifiers. 


Figure 13 shows some typical configurations. Note that a 
series resistor, R,, is used in both cases to limit the drive 
available to the driven device. Moreover, it is recommended 
that a series diode and shunt diode be used at the thyristor 
input to prevent large negative transient surges that can 
appear at the gate of thyristors, from damaging the inte- 
grated circuit. 
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FIGURE 11. TYPICAL INCREMENTAL OFFSET VOLTAGE SHIFT 
vs OPERATING LIFE 


Offset Voltage Nulling 


The input offset voltage can be nulled by connecting a 10kQ 
potentiometer between terminals 1 and 5 and returning its 
wiper arm to terminal 4, see Figure 12(A). This technique, 
however, gives more adjustment range than required and 
therefore, a considerable portion of the potentiometer rota- 
tion is not fully utilized. Typical values of series resistors that 
may be placed at either end of the potentiometer, see Figure 
12(B), to optimize its utilization range are given in the table 
“Electrical Specifications” shown in this bulletin. 


An alternate system is shown in Figure 12(C). This circuit 
uses only one additional resistor of approximately the value 
shown in the table. For potentiometers, in which the resis- 
tance does not drop to zero Q at either end of rotation, a 
value of resistance 10% lower than the values shown in the 
table should be used. 


Low Voltage Operation 


Operation at total supply voltages as low as 4V is possible 
with the CA3140. A current regulator based upon the PMOS 
threshold voltage maintains reasonable constant operating 
current and hence consistent performance down to these 
lower voltages. 


The low voltage limitation occurs when the upper extreme of 
the input common mode voltage range extends down to the 
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(A) BASIC (B) IMPROVED (C) SIMPLER 
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FIGURE 12. THREE OFFSET VOLTAGE NULLING METHODS 
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voltage at terminal 4. This limit is reached at a total supply 
voltage just below 4V. The output voltage range also begins 
to extend down to the negative supply rail, but is slightly 
higher than that of the input. Figure 17 shows these 
characteristics and shows that with 2V dual supplies, the 
lower extreme of the input common mode voltage range is 
below ground potential. 


Bandwidth and Slew Rate 


For those cases where bandwidth reduction is desired, for 
example, broadband noise reduction, an external capacitor 
connected between terminals 1 and 8 can reduce the open 
loop -3dB bandwidth. The slew rate will, however, also be 
proportionally reduced by using this additional capacitor. 
Thus, a 20% reduction in bandwidth by this technique will 
also reduce the slew rate by about 20%. 


Figure 14 shows the typical settling time required to reach 
imV or 10mV of the final value for various levels of large 
Signal inputs for the voltage follower and inverting unity gain 
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FIGURE 15. OPEN LOOP VOLTAGE GAIN AND PHASE vs 
FREQUENCY 
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FIGURE 17. OUTPUT VOLTAGE SWING CAPABILITY AND COMMON MODE INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE AND 
TEMPERATURE 


amplifiers. The exceptionally fast settling time characteristics 
are largely due to the high combination of high gain and wide 
bandwidth of the CA3140; as shown in Figure 15. 


input Circuit Considerations 


As mentioned previously, the amplifier inputs can be driven 
below the terminal 4 potential, but a series current limiting 
resistor is recommended to limit the maximum input terminal 
current to less than 1mA to prevent damage to the input pro- 
tection circuitry. 


Moreover, some current limiting resistance should be 
provided between the inverting input and the output when 
the CA3140 is used as a unity gain voltage follower. This 
resistance prevents the possibility of extremely large input 
signal transients from forcing a signal through the input 
protection network and directly driving the internal constant 
Current source which could result in positive feedback via the 
output terminal. A 3.9kQ resistor is sufficient. 
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FIGURE 16. INPUT CURRENT vs AMBIENT TEMPERATURE 
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The typical input current is in the order of 10pA when the 
inputs are centered at nominal device dissipation. As the 
output supplies load current, device dissipation will increase, 
raising the chip temperature and resulting in increased input 
current. Figure 16 shows typical input terminal current ver- 
sus ambient temperature for the CA3140. 


It is well known that MOSFET devices can exhibit slight 
changes in characteristics (for example, small changes in 
input offset voltage) due to the application of large differen- 
tial input voltages that are sustained over long periods at ele- 
vated temperatures. 


Both applied voltage and temperature accelerate these 
changes. The process is reversible and offset voltage shifts 
of the opposite polarity reverse the offset. Figure 11 shows 
the typical offset voltage change as a function of various 
stress voltages at the maximum rating of +125°C (for TO-5); 
at lower temperatures (TO-5 and plastic), for example, at 
+85°C, this change in voltage is considerably less. In typical 
linear applications, where the differential voltage is small and 
symmetrical, these incremental changes are of about the 
same magnitude as those encountered in an operational 
amplifier employing a bipolar transistor input stage. 


Super Sweep Function Generator 


A function generator having a wide tuning range is shown in 
Figure 18. The 1,000,000/1 adjustment range is accom- 
plished by a single variable potentiometer or by an auxiliary 
sweeping signal. The CA3140 functions as a non-inverting 
readout amplifier of the triangular signal developed across 
the integrating capacitor network connected to the output of 
the CA3080A current source. 


Buffered triangular output signals are then applied to a sec- 
ond CA3080 functioning as a high speed hysteresis switch. 
Output from the switch is returned directly back to the input 
of the CA3080A current source, thereby, completing the pos- 
itive feedback loop 


The triangular output level is determined by the four 1N914 
level limiting diodes of the second CA3080 and the resistor 
divider network connected to terminal No. 2 (input) of the 
CA3080. These diodes establish the input trip level to this 
switching stage and, therefore, indirectly determine the 
amplitude of the output triangle. 


Compensation for propagation delays around the entire loop 
is provided by one adjustment on the input of the CA3080. 
This adjustment, which provides for a constant generator 
amplitude output, is most easily made while the generator is 
sweeping. High frequency ramp linearity is adjusted by the 
single 7-to-6pF capacitor in the output of the CASO80A. 


It must be emphasized that only the CA3080A is 
characterized for maximum output linearity in the current 
generator function. 


Meter Driver and Buffer Amplifier 


Figure 19 shows the CA3140 connected as a meter driver 
and buffer amplifier. Low driving impedance is required of 
the CA3080A current source to assure smooth operation of 


the Frequency Adjustment Control. This low-driving 
impedance requirement is easily met by using a CA3140 
connected as a voltage follower. Moreover, a meter may be 
placed across the input to the CA3080A to give a logarithmic 
analog indication of the function generators frequency. 


Analog frequency readout is readily accomplished by the 
means described above because the output current of the 
CA3080A varies approximately one decade for each 60mV 
change in the applied voltage, Vapc (voltage between 
terminals 5 and 4 of the CA3080A of the function generator). 
Therefore, six decades represent 360mV change in Vagc. 


Now, only the reference voltage must be established to set 
the lower limit on the meter. The three remaining transistors 
from the CA3086 Array used in the sweep generator are 
used for this reference voltage. In addition, this reference 
generator arrangement tends to track ambient temperature 
variations, and thus compensates for the effects of the nor- 
mal negative temperature coefficient of the CA3080A Vago 
terminal voltage. 


Another output voltage from the reference generator is used 
to insure temperature tracking of the lower end of the 
Frequency Adjustment Potentiometer. A large series 
resistance simulates a current source, assuring similar 
temperature coefficients at both ends of the Frequency 
Adjustment Control. 


To calibrate this circuit, set the Frequency Adjustment 
Potentiometer at its low end. Then adjust the Minimum 
Frequency Calibration Control for the lowest frequency. To 
establish the upper frequency limit, set the Frequency 
Adjustment Potentiometer to its upper end and then adjust 
the Maximum Frequency Calibration Control for the 
maximum frequency. Because there is interaction among 
these controls, repetition of the adjustment procedure may 
be necessary. Two adjustments are used for the meter. The 
meter sensitivity control sets the meter scale width of each 
decade, while the meter position control adjusts the pointer 
on the scale with negligible effect on the sensitivity 
adjustment. Thus, the meter sensitivity adjustment control 
calibrates the meter so that it deflects '/, of full scale for 
each decade change in frequency. 


Sine Wave Shaper 


The circuit shown in Figure 20 uses a CA3140 as a voltage 
follower in combination with diodes from the CA3019 Array 
to convert the triangular signal from the function generator to 
a sine-wave output signal having typically less than 2% THD. 
The basic zero crossing slope is established by the 10kQ 
potentiometer connected between terminals 2 and 6 of the 
CA3140 and the 9.1kQ resistor and 10kQ potentiometer 
from terminal 2 to ground. Two break points are established 
by diodes D, through D4. Positive feedback via Ds and Dg 
establishes the zero slope at the maximum and minimum 
levels of the sine wave. This technique is necessary because 
the voltage follower configuration approaches unity gain 
rather than the zero gain required to shape the sine wave at 
the two extremes. 
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(B1) FUNCTION GENERATOR SWEEPING 


Top Trace: Output at junction of 2.7Q and 51Q resistors 
5V/Div and 500ms/Div 


Center Trace: External output of triangular function generator 
2V/Div and 500ms/Div 


Bottom Trace: Output of “Log” generator; 10V/Div and 500ms/Div 


(B2) FUNCTION GENERATOR WITH FIXED FREQUENCIES 
1V/Div and 1sec/Div 


Three tone test signals, highest frequency >0.5MHz. Note the slight 
asymmetry at the three second/cycle signal. This asymmetry is due 
to slightly different positive and negative integration from the 
CA3080A and from the pc board and component leakages at the 
100pA level. 
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FIGURE 18. FUNCTION GENERATOR 
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FIGURE 21. SWEEPING GENERATOR 
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This circuit can be adjusted most easily with a distortion 
analyzer, but a good first approximation can be made by 
comparing the output signal with that of a sine wave 
generator. The initial slope is adjusted with the 
potentiometer R,, followed by an adjustment of Ro. The final 
slope is established by adjusting R3, thereby adding 
additional segments that are contributed by these diodes. 
Because there is some interaction among these controls, 
repetition of the adjustment procedure may be necessary. 


Sweeping Generator 


Figure 21 shows a sweeping generator. Three CA3140's are 
used in this circuit. One CA3140 is used as an integrator, a 
second device is used as a hysteresis switch that deter- 
mines the starting and stopping points of the sweep. A third 
CA3140 is used as a logarithmic shaping network for the log 
function. Rates and slopes, as well as sawtooth, triangle, 
and logarithmic sweeps are generated by this circuit. 


Wideband Output Amplifier 


Figure 22 shows a high slew rate, wideband amplifier 
Suitable for use as a 50Q transmission line driver. This 
circuit, when used in conjunction with the function generator 
and sine wave shaper circuits shown in Figures 18 and 20 
provides 18V peak-to-peak output open circuited, or 9V 
peak-to-peak output when terminated in 50Q The slew rate 
required of this amplifier is 28V/us (18V peak-to-peak x m x 
0.5MHz). 


FIGURE 22. WIDEBAND OUTPUT AMPLIFIER 
Power Supplies 


High input impedance, common mode capability down to the 
negative supply and high output drive current capability are 
key factors in the design of wide range output voltage 
Supplies that use a single input voltage to provide a 
regulated output voltage that can be adjusted from 
essentially OV to 24V. 


Unlike many regulator systems using comparators having a 
bipolar transistor input stage, a high impedance reference 
voltage divider from a single supply can be used in 
connection with the CA3140 (see Figure 23). 


REFERENCE 
E 


VOLTAG 


FIGURE 23. BASIC SINGLE SUPPLY VOLTAGE REGULATOR 
SHOWING VOLTAGE FOLLOWER CONFIGURATION 


Essentially, the regulators, shown in Figures 24 and 25, are 
connected as non inverting power operational amplifiers with 
a gain of 3.2. An 8V reference input yields a maximum out- 
put voltage slightly greater than 25V. As a voltage follower, 
when the reference input goes to OV the output will be OV. 
Because the offset voltage is also multiplied by the 3.2 gain 
factor, a potentiometer is needed to null the offset voltage. 


Series pass transistors with high logo levels will also prevent 
the output voltage from reaching zero because there is a 
finite voltage drop (Vcesat) across the output of the CA3140 
(see Figure 10). This saturation voltage level may indeed set 
the lowest voltage obtainable. 


The high impedance presented by terminal 8 is advanta- 
geous in effecting current limiting. Thus, only a small signal 
transistor is required for the current-limit sensing amplifier. 
Resistive decoupling is provided for this transistor to mini- 
mize damage to it or the CA3140 in the event of unusual 
input or output transients on the supply rail. 


Figures 24 and 25, show circuits in which a D2201 high 
speed diode is used for the current sensor. This diode was 
chosen for its slightly higher forward voltage drop character- 
istic, thus giving greater sensitivity. It must be emphasized 
that heat sinking of this diode is essential to minimize varia- 
tion of the current trip point due to internal heating of the 
diode. That is, 1A at 1V forward drop represents one watt 
which can result in significant regenerative changes in the 
current trip point as the diode temperature rises. Placing the 
small signal reference amplifier in the proximity of the current 
sensing diode also helps minimize the variability in the trip 
level due to the negative temperature coefficient of the 
diode. In spite of those limitations, the current limiting point 
can easily be adjusted over the range from 10mA to 1A with 
a single adjustment potentiometer. If the temperature stabil- 
ity of the current limiting system is a serious consideration, 
the more usual current sampling resistor type of circuitry 
should be employed. 


A power Darlington transistor (in a heat sink TO-3 case), is used 
as the series pass element for the conventional current limiting 
system, Figure 24, because high power Darlington dissipation 
will be encountered at low output voltage and high currents. 


A small heat sink VERSAWATT transistor is used as the 
series pass element in the fold back current system, Figure 
25, since dissipation levels will only approach 10W. In this 
system, the D2201 diode is used for current sampling. Fold- 
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back is provided by the 3kQ and 100kQ divider network con- 
nected to the base of the current sensing transistor. 
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FIGURE 24. REGULATED POWER SUPPLY 
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HUM AND NOISE OUTPUT <200,. VRMS LOAD REGULATION 
(MEASUREMENT BANDWIDTH ~10MHz) (NO LOAD TO FULL LOAD) 
LINE REGULATION 0.1%/VOLT <0.02% 
FIGURE 25. REGULATED POWER SUPPLY WITH “FOLDBACK” 
CURRENT LIMITING 


Both regulators, Figures 24 and 25, provide better than 0.02% 
load regulation. Because there is constant loop gain at all volt- 
age settings, the regulation also remains constant. Line regu- 
lation is 0.1% per volt. Hum and noise voltage is less than 
200uV as read with a meter having a 10MHz bandwidth. 


Figure 28 (a) shows the turn ON and turn OFF characteris- 
tics of both regulators. The slow turn on rise is due to the 
slow rate of rise of the reference voltage. Figure 26 (B) 
shows the transient response of the regulator with the 
switching of a 20Q load at 20V output. 


(A) SUPPLY TURN-ON AND TURNOFF CHARACTERISTICS 
5V/Div and -1s/Div 


(B) TRANSIENT RESPONSE 


Top Trace: Output voltage 
200mV/Div and 5ys/Div 


Bottom Trace: Collector of load switching transistor, load = 1A 
5V/Div and 5ys/Div 
FIGURE 26. WAVEFORMS OF DYNAMIC CHARACTERISTICS 
OF POWER SUPPLY CURRENTS SHOWN IN FIG- 
URES 24 AND 25 


Tone Control Circuits 


High slew rate, wide bandwidth, high output voltage capabil- 
ity and high input impedance are all characteristics required 
of tone control amplifiers. Two tone control circuits that 
exploit these characteristics of the CA3140 are shown in Fig- 
ures 27 and 28. 
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The first circuit, shown in Figure 28, is the Baxandall tone 
control circuit which provides unity gain at midband and uses 
standard linear potentiometers. The high input impedance of 
the CA3140 makes possible the use of low-cost, low-value, 
small size capacitors, as well as reduced load of the driving 
stage. 


Bass treble boost and cut are +15dB at 100Hz and 10kHz, 
respectively. Full peak-to-peak output is available up to at 
least 20kHz due to the high slew rate of the CA3140. The 
amplifier gain is 3dB down from its “flat” position at 70kHz. 


FOR SINGLE SUPPLY 


TREBLE CUT 


8 
= 


200kQ 
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Figure 27 shows another tone control circuit with similar 
boost and cut specifications. The wideband gain of this cir- 
Cuit is equal to the ultimate boost or cut plus one, which in 
this case is a gain of eleven. For 20dB boost and cut, the 
input loading of this circuit is essentially equal to the value of 
the resistance from terminal No. 3 to ground. A detailed 
analysis of this circuit is given in “An IC Operational 
TransconductanceAmplifier (OTA) With Power Capability” by 
L. Kaplan and H. Wittlinger, IEEE Transactions on Broadcast 
and Television Receivers, Vol. BTR-18, No. 3, August, 1972. 


20dB Flat Position Gain 

+15dB Bass and Treble Boost and Cut at 
100Hz and 10kHz, respectively 

25Vp.p output at 20kHz 

-30B at 24kHz from 1kHz reference 


FOR DUAL SUPPLIES 
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FIGURE 27. TONE CONTROL CIRCUIT USING CA3130 SERIES (20dB MIDBAND GAIN) 
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TONE CONTROL 
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FIGURE 28. BAXANDALL TONE CONTROL CIRCUIT USING CA3140 SERIES 
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Wien Bridge Oscillator 


Another application of the CA3140 that makes excellent use 
of its high input impedance, high slew rate, and high voltage 
qualities is the Wien Bridge sine wave oscillator. A basic Wien 
Bridge oscillator is shown in Figure 29. When R, = Rp = R and 
C, = Cy =C, the frequency equation reduces to the familiar 
f= '/, x RC and the gain required for oscillation, Aogc is 
equal to 3. Note that if C. is increased by a factor of four and 
R. is reduced by a factor of four, the gain required for 
oscillation becomes 1.5, thus permitting a potentially higher 
operating frequency closer to the gain bandwidth product of 
the CA3140. 


C2 R2 


NOTES: | zt 1 
2x,/R1C1R2C2 
OUTPUT 
Anc = fee 
OS C2 Ri 
Re 
R 
C1 Ri = f 


FIGURE 29. BASIC WIEN BRIDGE OSCILLATOR CIRCUIT US- 
ING AN OPERATIONAL AMPLIFIER 


Oscillator stabilization takes on many forms. It must be 
precisely set, otherwise the amplitude will either diminish or 
reach some form of limiting with high levels of distortion. The 
element, Rg, is commonly replaced with some variable 
resistance element. Thus, through some control means, the 
value of Rg is adjusted to maintain constant oscillator output. 
A FET channel resistance, a thermistor, a lamp bulb, or other 
device whose resistance is made to increase as the output 
amplitude is increased are a few of the elements often 
utilized. 


Figure 30 shows another means of stabilizing the oscillator 
with a zener diode shunting the feedback resistor (Ry of 
Figure 29). As the output signal amplitude increases, the 
zener diode impedance decreases resulting in more 
feedback with consequent reduction in gain; thus stabilizing 
the amplitude of the output signal. Furthermore, this 
combination of a monolithic zener diode and bridge rectifier 
circuit tends to provide a zero temperature coefficient for this 
regulating system. Because this bridge rectifier system has 
no time constant, i.e., thermal time constant for the lamp 
bulb, and RC time constant for filters often used in detector 
networks, there is no lower frequency limit. For example, 
with 1pF polycarbonate capacitors and 22MQ for the 
frequency determining network, the operating frequency is 
0.007Hz. 


As the frequency is increased, the output amplitude must be 
reduced to prevent the output signal from becoming slew- 
rate limited. An output frequency of 180kHz will reach a slew 
rate of approximately 9V/us when its amplitude is 16V peak- 
to-peak. 


OUTPUT 
> 19Vp.p TO 22Vp_p 
THD <0.3% 


Ry 2 Re =z at 
50Hz, R = 3.3MQ 
100Hz,R=1.6MQ 3.6kQ 
1kHz, R = 160MQ 
5002 


10kHz, R = 16MQ 
30kKHz, R = 5.1MQ = 


FIGURE 30. WIEN BRIDGE OSCILLATOR CIRCUIT USING 
CA3140 SERIES 


Simple Sample-and-Hold System 


Figure 31 shows a very simple sample-and-hold system 
using the CA3140 as the readout amplifier for the storage 
capacitor. The CA3080A serves as both input buffer ampli- 
fier and low feed-through transmission switch.* System off- 
set nulling is accomplished with the CA3140 via its offset 
nulling terminals. A typical simulated load of 2kQ and 30pF 
is shown in the schematic. 


SIMULATED LOAD ~_: S0PF™ 


NOT REQUIRED 


FIGURE 31. SAMPLE AND HOLD CIRCUIT 


In this circuit, the storage compensation capacitance (C;) is 
only 200pF. Larger value capacitors provide longer “hold” 
periods but with slower slew rates. The slew rate 


ea = + = 0.5mA/200pF = 2.5V/ys 


* ICAN-6668 “Applications of the CA3080 and CA 3080A High Per- 
formance Operational Transconductance Amplifiers”. 

Pulse “droop” during the hold interval is 170pA/200pF which 

is = 0.85yV/us; (i.e., 170pA/200pF). In this case, 170pA 
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represents the typical leakage current of the CA3080A when 
Strobed off. If C, were increased to 2000 pF, the “hold-droop” 
rate will decrease to 0.085uV/us, but the slew rate would 
decrease to 0.25V/us. The parallel diode network connected 
between terminal 3 of the CA3080A and terminal 6 of the 
CA3140 prevents large input signal feedthrough across the 
input terminals of the CA3080A to the 200pF storage capacitor 
when the CA3080A is strobed off. Figure 32 shows dynamic 
characteristic waveforms of this sample-and-hold system. 


ee RS Ee i 


Top Trace: Output; 50mV/Div and 200ns/Div 
Bottom Trace: Input; 50mV/Div and 200ns/Div 


Sila <n en eerie: 


LARGE SIGNAL RESPONSE AND SETTLING TIME 


Top Trace: Output Signal; 5V/Div and 2us/Div 


Center Trace: Difference of Input and Output Signals through 
Tektronix Amplifier 7A13; 5mV/Div and 2us/Div 


Bottom Trace: Input Signal; 5V/Div and 2us/Div 


ake OR ERE SEEN 
ssa LL 


SAMPLING RESPONSE 
Top Trace: Output; 100mV/Div and 500ns/Div 
Bottom Trace: Input; 20V/Div and 500ns/Div 


FIGURE 32. SAMPLE AND HOLD SYSTEM DYNAMIC CHARAC- 
TERISTICS WAVEFORMS 


Current Amplifier 


The low input terminal current needed to drive the CA3140 
makes it ideal for use in current amplifier applications such 
as the one shown in Figure 33.* In this circuit, low current is 
supplied at the input potential as the power supply to load 
resistor R,. This load current is increased by the multiplica- 
tion factor R2/R1, when the load current is monitored by the 
power supply meter M. Thus, if the load current is 100nA, 
with values shown, the load current presented to the supply 
will be 100A; a much easier current to measure in many 
systems. 


- te 
Rt 
R2 
(M) . 
? 10MQ ue 
POWER : 
SUPPLY H Re 


FIGURE 33. BASIC CURRENT AMPLIFIER FOR LOW CURRENT 
MEASUREMENT SYSTEMS 


Note that the input and output voltages are transferred at the 
same potential and only the output current is multiplied by 
the scale factor. 


The dotted components show a method of decoupling the 
circuit from the effects of high output load capacitance and 
the potential oscillation in this situation. Essentially, the 
necessary high frequency feedback is provided by the 
capacitor with the dotted series resistor providing load 
decoupling. 


Figure 34 shows a single supply, absolute value, ideal full- 
wave rectifier with associated waveforms. During positive 
excursions, the input signal is fed through the feedback 
network directly to the output. Simultaneously, the positive 
excursion of the input signal also drives the output terminal 
(No. 6) of the inverting amplifier in a negative going 
excursion such that the 1N914 diode effectively disconnects 
the amplifier from the signal path. During a negative going 
excursion of the input signal, the CA3140 functions as a 
normal inverting amplifier with a gain equal to -R2/R1. When 
the equality of the two equations shown in Figure 34 is 
satisfied, the full wave output is symmetrical. 


* “Operational Amplifiers Design and Applications”, J. G. Graeme, 
McGraw-Hill Book Company, page 308 - “Negative immittance 
Converter Circuits”. 


2-141 


OPERATIONAL 


AMPLIFIERS 


CA3140, CA3140A 


LOAD 


BW (-3dB) = 4.5MHz 
SR = 9Vius 
R1i+R2+R3 


0.05yF 


5kQ R2 
FOR X = 0.5 ToKa Al 


0.75 
R3 = 10kQ (——) = 15k 
3 Oka (7) 5kQ 


20Vp-p Input BW(-3dB) = 290kHz, DCOutput (Avg) = 3.2V 


Ro arene 


Mannan 


(A) SMALL SIGNAL R 


ESPONSE 
0 50mV/Div and 200ns/Div 
INPUT Top Trace: Output; 50mV/Div and 200ns/Div 
: — Q Bottom Trace: Input; 50mV/Div and 200ns/Div 
FIGURE 34. SINGLE SUPPLY, 


, ABSOLUTE VALUE, IDEAL FULL 
WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS 


NOISE VOLTAGE 
OUTPUT 


(B) INPUT-OUTPUT DIFFERENCE SIGNAL 


SHOWING SETTLING TIME 
(measurement made with Tektronix 7A13 differential amplifier) 
BW (-3dB) = 140kHz 1ka 
TOTAL NOISE VOLTAGE 
(REFERRED TO INPUT ) = 48,,V TYP. 


Top Trace: Output Signal; 5V/Div and 5y1s/Div 


Center Trace: Difference Signal; 5mV/Div and 5ys/Div 
Bottom Trace: Input Signal; 5V/Div and 5ys/Div 
FIGURE 35. TEST CIRCUIT AMPLIFIER (30dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENT 


FIGURE 36. SPLIT SUPPLY VOLTAGE FOLLOWER TEST CIR- 
CUIT AND ASSOCIATED WAVEFORMS 
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er CA3160 


BiMOS Operational Amplifiers 


March 1993 with MOSFET Input/CMOS Output 
Features Description 
¢ MOSFET Input Stage Provides: The CA3160A and CA3160 are integrated circuit operational 
- Very High Z, = 1.5TQ (1.5 x 10'2Q) (Typ.) amplifiers that combine the advantage of both CMOS and 
| a bipolar transistors on a monolithic chip. The CA3160 series 
- Very Low |, =5pA . at 15V Operation 
sls is te are frequency compensated versions of the popular CA3130 


= 2pA Typ. at 5V Operation 

¢ Common-Mode Input Voltage Range Includes Nega- 
tive Supply Rail; Input Terminals Can Be Swung 0.5v Gate protected p-channel MOSFET (PMOS) transistors are 
Below Negative Supply Rail used in st input se vid ght Me lah shi thd 
ance, very low input current, and exceptional speed perfor- 
: rai pa ee ne Permits Signal Swing to Elther mance. The use of PMOS field effect transistors in the input 
(or Both) Supply Rails Stage results in common-mode input voltage capability down 
to 0.5V below the negative supply terminal, an important 

attribute in single supply applications. 


series. 


Applications 
¢ Ground Referenced Single Supply Amplifiers 


A complementary symmetry MOS (CMOS) transistor-pair, J 
¢ Fast Sample Hold Amplifiers capable of swinging the output voltage to within 10mV of <9 
e Long Duration Timers/Monostables either supply voltage terminal (at very high values of load Ow 
¢ High Input Impedance Wideband Amplifiers impedance), is employed as the output circuit. Ee “ 
¢ Voltage Followers (e.g. Follower for Single Supply The CA3160 Series circuits operate at supply voltages rang- ui S 
D/A Converter) ing from SV to 16V, or +2.5V to +8V when using split sup- o* 
¢ Wien-Bridge Oscillators plies, and have terminals for adjustment of offset voltage for 


applications requiring offset null capability. Terminal provi- 


* Voltage Controlled Oscillators sions are also made to permit strobing of the output stage. 


Photo Diode Sensor Amplifiers 


The CA3160A offers superior input characteristics over 


those of the CA3160. 
Ordering Information 
PART TEMPERATURE 
NUMBER RANGE 
CA3160AE -55°C to +125°C 8 Lead Plastic DIP 
CA3160AT -55°C to +125°C 8 Pin TO-5 Can 
CA3160E -55°C to +125°C 8 Lead Plastic DIP 
CA3160T -55°C to +125°C 8 Pin TO-5 Can 
Pinouts 
CA3160 CA3160 
(TO-5 CAN) (PDIP) 
TOP VIEW TOP VIEW 
SUPPLEMENTARY TAB STROBE 
OFFSET V+ INV. V+ 
ULL INPUT 
NON-INV. 
© (6) output INPUT Lz |6 | OUTPUT 
INPUT V- '5 | OFFSET NULL 
NON-INV. (5) OFFSET 
INPUT NOTE: CA3160 Series devices have an on-chip frequency compen- 
V- AND CASE Sation network. Supplementary phase compensation or frequency roll- 
off (if desired) can be connected externally between terminals 1 and 8 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 976.1 
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Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage (Between V+ and V- Terminals)........... +16.0V Temperature Range: 

Differential Mode Input Voltage. ....... 6... cee cece eee eens 8V Operating (All Typ@S)........... cece eee eeee -55°C to +125°C 
VE PO oh ecg ee Saad Vas ces ches (V+ +8V) to (V- -0.5V) Storage (AITYp@s) ... 2. eect cee wee weccees -65°C to +150°C 
PET CTE canst ctelaegk Oe sti ok oP kale wee 3 bak eee imA 

Output Short Circuit Duration (Note 1)............206- Indefinite 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)...............-. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications at T, = +25°C, V+ = 15V, V- = OV, Unless Otherwise Specified 


Input Current, V+ = +7.5V 


Large-Signal Voltage Gain 


Vo = 10Vp.p, Ry = 2kQ 


Common-Mode Input-Voltage Range 


Power-Supply Rejection Ratio, AVio/AV+, 


LIMITS 


CA3160A 


UNITS 


ES 
< 


kV/V 


SN 


-0.5 to 12 


pV/V 


V+ = +7.5V 
Maximum Output Voltage 


At Ry = 2kQ 


Maximum Output Current: 


> 
on 


(Source) at Vo = OV 


(Sink) at Vo = 15V 


> 
on 


an 
> 


Supply Current Vo = 7.5V, Ry, = 0° 


3 
> 


Vo = OV, Ry = oo (Note 2) 


Input Offset Voltage Temperature Drift, 
AVio/AT 


or 
b= 
$ a 3 ed Fete 
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Typical Values Intended Only for Design Guidance v+ = +7.5V, -V = -7.5V, T, = +25°C, Unless Otherwise Specified. 


PARAMETER SYMBOL TEST CONDITIONS CA3160/CA3160A UNITS 


ae 
Range Terminals 4 and 1 
i 2 LB LY 
cio [ere ee 
Equivalent Input Noise Voltage BW = 0.2 MHz Rs = 1MQ 


Equivalent Input Noise Voltage 


Slew Rate: 


Transient Response, 


Unity Gain Crossover Frequency 


an 

Rise Time 5 ti 
— 

Overshoot - oF 

Wi = 

+ 


Input Current 


Common-Mode Rejection 
Ratio 


Common-Mode Input Voltage 
Range 


Supply Current 


Power Supply Rejection Ratio 


NOTES: 
1. Short circuit may be applied to ground or to either supply. 
2. log typically increases by 1.5mA/MHz during operation. 
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Block Diagram 


(wo) + 


INPUT 


rs) 


(7) V+ 


200nA (NOTE 1); 
OmA ; NOTE: Total supply voltage (for indicated 
(NOTE 2) ; voltage gains) = 15V 
| BIAS CKT. 3 1. With input terminals biased so that Termi- 
ae B35 nal 6 potential is +7.5V above terminal 4. 


23 2. With output terminal driven to either 
i supply rail. 
“3 OUTPUT 


seeweunes 


z 
Uv 
Cc 
—j 
4 
> 
©) 
m 


SECOND 
D5 = ae D7 STAGE 
wonay sb lle se ee bs  Ugwnmenepnwcecase = 
INPUT OUTPUT : 
3) STAGE as : 
’ 
s Q6 Q7 N 
2kQ OUTPUT 

@)- “Oo 

INV. INPUT N 


Cc 
(5) a3 wrcceccccceccveccessccesccecse 1¢ cccecceccecccccscocesscceccces (8) STROBE 
—_—_—-~ 
COMPENSATION 
OFFSET 
Adee (WHEN DESIRED) 
Schematic Diagram 
$ 2228242422422 SES 4242428 ~ . S222 2242S S242 E2SEB BSE SESE SESE SESESE SEES SESE SEES ‘ Ne 2224224248242 e224 S22 N ED 
‘  BIASCURRENT !4 CURRENT SOURCE ‘\ “CURRENT SOURCE } V+ 
§ FOR Q6 AND Q7 ¢{ LOAD” FORQ11 } 
: a? a) 
4 wa 
‘ 8 a 
: Qi : : Q2 vs Q3 
: ‘ 4 
vy Na 
: bo Zz : is 
Paw Vo vt 
‘ Y ‘ 
RI D6 tt 
‘ SEN 4 
#0 
‘ aN \ 
‘ af N 
4 Nan ‘ 
RMeeweeeeceeseeseees a : 4 
: 
‘ 
‘ 
‘ 
‘ 
‘ 
4 
’ 
‘ 
‘ 
' 
s] 
s] 
a 
‘ 
‘ 
‘ 
‘ 
s] 
‘ 
s] 
8 


Q12 


PRP PAAPASAAAAAAASABAAASVP APF SAABAABAABDAAABDABAAABAAABGABFAASABASAABDAZABAAAABDLAAASs 
PAPA APAEPABAAZADLAAZAZLZAYAAABGASAAZAZA 


” alartuetantesC entices 15 ystigthesn ai DET EC: Ad 
leswmeacrvanecsvaecn0eeo 


SBBVeVVeeseSeeeBSBeU Seas 


[ 
Y; 


OFFSET NULL COMP IF DESIRED STROBING 


NOTE: Diodes D5 Through D7 Provide Gate Oxide Protection For MOSFET Input Stage 
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Performance Curves 
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V+ = 7.5V; V- = -7.5V 


Ta = +25°C 
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FIGURE 1. OPEN LOOP VOLTAGE GAIN AND PHASE SHIFT vs FIGURE 2. OPEN LOOP GAIN vs TEMPERATURE 
FREQUENCY 


OUTPUT VOLTAGE [TERMS. 4 AND 6] (V) 


V+ = 15V, V- = OV 


0 25 § 75 10 125 15 175 20 225 
GATE VOLTAGE [TERMINALS 4 AND 8] (V) 


FIGURE 3. VOLTAGE TRANSFER CHARACTERISTICS OF 
COS/MOS OUTPUT STAGE 
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FIGURE 5. QUIESCENT SUPPLY CURRENT vs SUPPLY 
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OPERATIONAL 
AMPLIFIERS 
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FIGURE 4. QUIESCENT SUPPLY CURRENT vs SUPPLY VOLT- 
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FIGURE 6. VOLTAGE ACROSS PMOS OUTPUT TRANSISTOR 
(Q8) vs LOAD CURRENT 
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Performance Curves (continued) 
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FIGURE 7. VOLTAGE ACROSS NMOS OUTPUT TRANSISTOR 
(Q12) vs LOAD CURRENT 
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FIGURE 9. INPUT CURRENT vs COMMON MODE VOLTAGE 
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FIGURE 8. EQUIVALENT NOISE VOLTAGE vs FREQUENCY 
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FIGURE 10. INPUT CURRENT vs AMBIENT TEMPERATURE 
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FIGURE 11. TYPICAL INCREMENTAL OFFSET VOLTAGE SHIFT vs OPERATING LIFE 
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Circuit Description 


Refer to the Block Diagram of the CA3160 series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli- 
cations. Consequently, the CA3160 series circuits are ideal 
for single supply operation. Three class A amplifier stages, 
having the individual gain capability and current consump- 
tion shown in the Block Diagram provide the total gain of the 
CA3160. A biasing circuit provides two potentials for com- 
mon use in the first and second stages. Terminals 8 and 1 
can be used to supplement the internal phase compensation 
network if additional phase compensation or frequency roll- 
off is desired. Terminals 8 and 4 can also be used to strobe 
the output stage into a low quiescent current state. When 
Terminal 8 is tied to the negative supply rail (Terminal 4) by 
mechanical or electrical means, the output potential at Ter- 
minal 6 essentially rises to the positive supply-rail potential 
at Terminal 7. This condition of essentially zero current drain 
in the output stage under the strobed “OFF” condition can 
only be achieved when the ohmic load resistance presented 
to the amplifier is very high (e.g., when the amplifier output is 
used to drive MOS digital circuits in comparator applica- 
tions). 


Input Stages - The circuit of the CA3160 is shown in the 
Schematic Diagram. It consists of a differential-input stage 
using PMOS field-effect transistors (Q6, Q7) working into a 
mirror-pair of bipolar transistors (Q9, Q10) functioning as 
load resistors together with resistors R3 through R6. The 
mirror-pair transistors also function as a differential-to-sin- 
gle-ended converter to provide base drive to the second- 
stage bipolar transistor (Q11). Offset nulling, when desired, 
can be effected by connecting a 100,000Q potentiometer 
across Terminals 1 and 5 and the potentiometer slider arm to 
Terminal 4. Cascode-connected PMOS transistors Q2, Q4, 
are the constant-current source for the input stage. The bias- 
ing circuit for the constant-current source is subsequently 
described. The small diodes D5 through D7 provide gate- 
oxide protection against high-voltage transients, including 
Static electricity during handling for Q6 and Q7. 


Second-Stage - Most of the voltage gain in the CA3160 is 
provided by the second amplifier stage, consisting of bipolar 
transistor Qi1 and its cascode-connected load resistance 
provided by PMOS transistors Q3 and Q5. The source of 
bias potentials for these PMOS transistors is described later. 
Miller Effect compensation (roll off) is accomplished by 
means of the 30pF capacitor and 2kQ resistor connected 
between the base and collector of transistor Q11. These 
internal components provide sufficient compensation for 
unity gain operation in most applications. However, addi- 
tional compensation, if desired, may be used between Termi- 
nals 1 and 8. 


Bias-Source Circuit - At total supply voltages, somewhat 
above 8.3V, resistor R2 and zener diode Z1 serve to estab- 
lish a voltage of 8.3V across the series-connected circuit, 
consisting of resistor R1, diodes D1 through D4, and PMOS 
transistor Q1. A tap at the junction of resistor R1 and diode 
D4 provides a gate-bias potential of about 4.5V for PMOS 


transistors Q4 and Q5 with respect to Terminal 7. A potential 
of about 2.2V is developed across diode-connected PMOS 
transistor Q1 with respect to Terminal 7 to provide gate bias 
for PMOS transistors Q2 and Q3. It should be noted that Q1 
is “mirror-connected” to both Q2 and Q3. Since transistors 
Q1, Q2, Q3 are designed to be identical, the approximately 
200A current in Q1 establishes a similar current in Q2 and 
Q3 as constant-current sources for both the first and second 
amplifier stages, respectively. 


At total supply voltages somewhat less than 8.3V, zener 
diode Z1 becomes nonconductive and the potential, devel- 
oped across series-connected R1, D1 - D4, and Q1, varies 
directly with variations in supply voltage. Consequently, the 
gate bias for Q4, Q5 and Q2, Q3 varies in accordance with 
supply-voltage variations. This variation results in deteriora- 
tion of the power-supply-rejection ratio (PSRR) at total sup- 
ply voltages below 8.3V. Operation at total supply voltages 
below about 4.5V results in seriously degraded performance. 


Output Stage - The output stage consists of a drain-loaded 
inverting amplifier using COS/MOS transistors operating in 
the Class A mode. When operating into very high resistance 
loads, the output can be swung within millivolts of either sup- 
ply rail. Because the output stage is a drain-loaded amplifier, 
its gain is dependent upon the load impedance. The transfer 
characteristics of the output stage for a load returned to the 
negative supply rail are shown in Figure 3. Typical op-amp 
loads are readily driven by the output stage. Because large- 
signal excursions are non-linear, requiring feedback for good 
waveform reproduction, transient delays may be encoun- 
tered. As a voltage follower, the amplifier can achieve 0.01% 
accuracy levels, including the negative supply rail. 


Offset Nulling 


Offset-voltage nulling is usually accomplished with a 
100,000Q potentiometer connected across Terminals 1 and 
5 and with the potentiometer slider arm connected to Termi- 
nal 4. A fine offset-null adjustment usually can be effected 
with the slider arm positioned in the mid-point of the potenti- 
ometer's total range. 


input Current Variation with Common Mode Input 
Voltage 


As shown in the Table of Electrical Characteristics, the input 
current for the CA3160 Series Op-Amps is typically 5pA at 
T, = +25°C when Terminals 2 and 3 are at a common-mode 
potential of +7.5V with respect to negative supply Terminal 
4. Figure 9 contains data showing the variation of input cur- 
rent as a function of common-mode input voltage at T, = 
+25°C. These data show that circuit designers can advanta- 
geously exploit these characteristics to design circuits which 
typically require an input current of less than 1pA, provided 
the common-mode input voltage does not exceed 2V. As 
previously noted, the input current is essentially the result of 
the leakage current through the gate-protection diodes in the 
input circuit and, therefore, a function of the applied voltage. 
Although the finite resistance of the glass terminal-to-case 
insulator of the TO-5 package also contributes an increment 
of leakage current, there are useful compensating factors. 
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Because the gate-protection network functions as if it is con- 
nected to Terminal 4 potential, and the TO-5 case of the 
CA3160 is also internally tied to Terminal 4, input Terminal 3 
is essentially “guarded” from spurious leakage currents. 


Input-Current Variation with Temperature 


The input current of the CA3160 Series circuits is typically 
5pA at +25°C. The major portion of this input current is due 
to leakage current through the gate-protective diodes in the 
input circuit. As with any semiconductor junction device, 
including op amps with a junction-FET input stage, the leak- 
age current approximately doubles for every 10°C increase 
in temperature. Figure 10 provides data on the typical varia- 
tion of input bias current as a function of temperature in the 
CA3160. 


In applications requiring the lowest practical input current 
and incremental increases in current because of “warm-up” 
effects, it is suggested that an appropriate heat sink be used 
with the CA3160. In addition, when “sinking” or “sourcing” 
significant output current the chip temperature increases, 
Causing an increase in the input current. In such cases, heat- 
sinking can also very markedly reduce and stabilize input 
current variations. 


input-Offset-Voltage (Vio) Variation with DC Bias vs. 
Device Operating Life 


It is well known that the characteristics of a MOSFET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magni- 
tude of the change is increased at high temperatures. Users 
of the CA3160 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper- 
ation at high temperatures with a significant differential dc 
bias voltage applied across Terminals 2 and 3. Figure 11 
shows typical data pertinent to shifts in offset voltage 
encountered with CA3160 devices in TO-5 packages during 
life testing. At lower temperatures (TO-5 and plastic) for 
example at +85°C, this change in voltage is considerably 
less. In typical linear applications where the differential volt- 
age is small and symmetrical, these incremental changes 
are of about the same magnitude as those encountered in 
an operational amplifier employing a bipolar transistor input 
stage. The 2V dec differential voltage example represents 
conditions when the amplifier output state is “toggled”, e.g., 
as in comparator applications. 


Power Supply Considerations 


Because the CA3160 is very useful in single supply applica- 
tions, it is pertinent to review some considerations relating to 
power supply current consumption under both single and 
dual supply service. Figures 12(A) and 12(B) show the 
CA3160 connected for both dual and single supply opera- 
tion. 


Dual-supply operation: When the output voltage at Terminal 
6 is OV, the currents supplied by the two power supplies are 
equal. When the gate terminals of Q8 and Q12 are driven 
increasingly positive with respect to ground, current flow 
through Q12 (from the negative supply) to the load is 
increased and current flow through Q8 (from the positive 
supply) decreases correspondingly. When the gate terminals 


of Q8 and Q12 are driven increasingly negative with respect 
to ground, current flow through Q8 is increased and current 
flow through Q12 is decreased accordingly. 


Single supply operation: Initially, let it be assumed that the 
value of R; is very high (or disconnected), and that the input- 
terminal bias (Terminals 2 and 3) is such that the output ter- 
minal (No. 6) voltage is at V+/2, i.e., the voltage-drops 
across Q8 and Q12 are of equal magnitude. Figure 4 shows 
typical quiescent supply-current vs. supply voltage for the 
CA3160 operated under these conditions. 


? POSITIVE | 
i SUPPLY 


= P = 


(A) DUAL POWER SUPPLY OPERATION 


; POSITIVE | 


—. SUPPLY —= 


(B) SINGLE POWER SUPPLY OPERATION 


FIGURE 12. CA3160 OUTPUT STAGE IN DUAL AND SINGLE 
POWER SUPPLY OPERATION 


Since the output stage is operating as a Class A amplifier, 
the supply current will remain constant under dynamic oper- 
ating conditions as long as the transistors are operated in 
the linear portion of their voltage-transfer characteristics 
(see Figure 3). If either Q8 or Q12 are swung out of their lin- 
ear regions toward cutoff (a non-linear region), there will be 
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a corresponding reduction in supply-current. In the extreme 
case, e.g., with Terminal 8 swung down to ground potential 9 +7.5V 
(or tied to ground), NMOS transistor Q12 is completely cut 
off and the supply current to series connected transistors ai 
Q8, Q12 goes essentially to zero. The two preceding stages 

in the CA3160, however, continue to draw modest supply- a 
current (see the lower curve in Figure 4) even though the : 
output stage is strobed off. Figure 12(A) shows a dual-supply 
arrangement for the output stage that can also be strobed 
off, assuming R, = ©, by pulling the potential of Terminal 8 
down to that of Terminal 4. 


Let it now-be assumed that a load-resistance of nominal 


|---3$-------------- 


73; 25pF 
value (e.g., 2kQ) is connected between Terminal 6 and SIMULATED 
. . . ° * LOAD 
ground in the circuit of Figure 12(B). Let it further be BW (-34B) = 4MHz = CAPACITANCE 


assumed again that the input-terminal bias (Terminals 2 and SR = 10Vius O.1pF 
3) is such that the output terminal (No. 6) voltage is at V+/2. 
Since PMOS transistor Q8 must now supply quiescent cur- 
rent to both R; and transistor Q12, it should be apparent that 
under these conditions the supply-current must increase as 
an inverse function of the R, magnitude. Figure 6 shows the 
voltage-drop across PMOS transistor Q8 as a function of 
load current at several supply voltages. Figure 3 shows the 


ol 
iat qo” 
voltage transfer characteristics of the output stage for sev- z a 
eral values of load resistance. 2 it 
<3 
Wideband Noise cc G 
From the standpoint of low-noise performance consider- 5 < 


ations, the use of the CA3160 is most advantageous in appli- 
cations where in the source resistance of the input signal is 
on the order of 1MQ or more. In this case, the total input- 
referred noise voltage is typically only 40uV when the test 
circuit amplifier of Figure 13 is operated at a total supply volt- 
age of 15V. This value of total input-referred noise remains 
essentially constant, even though the value of source resis- (B) SMALL SIGNAL RESPONSE 
tance is raised by an order of magnitude. This characteristic Top Trace: Output 

is due to the fact that reactance of the input capacitance Bottom Trace: Input 
becomes a significant factor in shunting the source resis- 
tance. It should be noted, however, that for values of source 
resistance very much greater than 1MQ, the total noise volt- 
age generated can be dominated by the thermal noise con- 
tributions of both the feedback and source resistors. 


> +7.5V ‘ 


(C) INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING SETTLING 


TIME 
BW (3dB) = 200kHz 
TOTAL NOISE VOLTAGE — Top Trace: Oulput Signal 
(REFERRED INPUT) = 40uV TYP Center Trace: Difference Signal 5mV/Div. 


= Bottom Trace: Input Signal 


FIGURE 13. TEST CIRCUIT AMPLIFIER (30dB GAIN) USEDFOR _—s—~ FIGURE 14. SPLIT-SUPPLY VOLTAGE FOLLOWER WITH 
WIDEBAND NOISE MEASUREMENTS ASSOCIATED WAVEFORMS 
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Typical Applications 
Voltage Followers 


Operational amplifiers with very high input resistances, like 
the CA3160, are particularly suited to service as voltage fol- 
lowers. Figure 14 shows the circuit of a classical voltage fol- 
lower, together with pertinent waveforms using the CA3160 
in a split-supply configuration. 


A voltage follower, operated from a single supply, is shown in 
Figure 15 together with related waveforms. This follower cir- 
Cuit is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Figure 15B with 
input-signal ramping. The waveforms in Figure 15C show 
that the follower does not lose its input-to-output phase- 
sense, even though the input is being swung 7.5V below 
ground potential. This unique characteristic is an important 
attribute in both operational amplifier and comparator appli- 
cations. Figure 15C also shows the manner in which the 
COS/MOS output stage permits the output signal to swing 
down to the negative supply-rail potential (i.e., ground in the 
case shown). The digital-to-analog converter (DAC) circuit, 
described in the following section, illustrates the practical 
use of the CA3160 in a single supply voltage follower appli- 
cation. 


9 Bit CMOS DAC 


A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Figure 16. This system combines the concepts of 
multiple-switch CMOS IC's, a low-cost ladder network of dis- 
crete metal-oxide-film resistors, a CA3160 op amp con- 
nected as a follower, and an inexpensive monolithic 
regulator in a simple single power-supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 10V logic levels are used in the 
circuit of Figure 16. 


* “Digital-to-Analog Conversion Using the Harris CD4007A COS/ 
MOS IC”, Application Note AN6080. 


The circuit uses an R/2R voltage-ladder network, with the 
output-potential obtained directly by terminating the ladder 
arms at either the positive or the negative power supply ter- 
minal. Each CP4007A contains three “inverters”, each 
“inverter” functioning as a single-pole double-throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one per cent tolerance metal-oxide film resis- 
tors. The five arms requiring the highest accuracy are 
assembled with series and parallel combinations of 
806,0002Q resistors from the same manufacturing lot. 


A single 15V supply provides a positive bus for the CA3160 
follower amplifier and feeds the CA3085 voltage regulator. A 
“scale-adjust” function is provided by the regulator output 
control, set to a nominal 10V level in this system. The line- 
voltage regulation (approximately 0.2%) permits a 9-bit 
accuracy to be maintained with variations of several volts in 
the supply. The flexibility afforded by the COS/MOS building 
blocks simplifies the design of DAC systems tailored to par- 
ticular needs. 


BW (-3dB) = 4MHz 


SR = 10Vius 
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(C) OUTPUT WAVEFORM WITH GROUND REFERENCE SINE 
WAVE INPUT 
Top Trace: Output 
Bottom Trace: Input 


FIGURE 15. SINGLE SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS. (e.g., FOR USE IN 
SINGLE SUPPLY D/A CONVERTER; SEE FIGURE 9 
IN AN6080) 
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10V LOGIC INPUTS 
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FIGURE 16. 9 BIT DAC USING CMOS DIGITAL SWITCHES AND CA3160 
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Error-Amplifier in Regulated Power Supplies 


The CA3160 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. 


The circuit shown in Figure 17 uses a.CA3160 as an error 
amplifier in a continuously adjustable 1A power supply. One 
of the key features of this circuit is its ability to regulate down 
to the vicinity of OV with only one de power supply input. 


An RC network, connected between the base of the output 
drive transistor and the input voltage, prevents “turn-on over- 
shoot”, a condition typical of many operational amplifier reg- 
ulator circuits. As the amplifier becomes operational, this RC 
network ceases to have any influence on the regulator per- 
formance. 


Precision Voltage-Controlied Oscillator 


The circuit diagram of a precision voltage-controlled oscilla- 
tor is shown in Figure 18. The oscillator operates with a 
tracking error in the order of 0.02% and a temperature coeffi- 
cient of 0.01%/°C. A multivibrator (A1) generates pulses of 


2N6385 
POWER DARLINGTON 


INPUT 40V 
+ 


2.4kQ 
1W 


CHP FASB AeA RAABAAAEA 


constant amplitude (V) and width (T2). Since the output (Ter- 
minal 6) of A1 (a CA3130) can swing within about 10mV of 
either supply-rail, the output pulse amplitude (V) is essen- 
tially equal to V+. The average output voltage (Eayg = V T2/T1) 
is applied to the non-inverting Input terminal of comparator A2 
via an integrating network R3, C2. Comparator A2 operates 
to establish circuit conditions such that Eayg = V1. This cir- 
Cuit condition is accomplished by feeding an output signal 
from terminal 6 of A2 through R4, D4 to the inverting termi- 
nal (Terminal 2) of A1, thereby adjusting the multivibrator 
interval, T3. 


Voltmeter With High Input Resistance 


The voltmeter circuit shown in Figure 19 illustrates an appli- 
cation in which a number of the CA3160 characteristics are 
exploited. Range-switch SW1 is ganged between input and 
output circuitry to permit selection of the proper output volt- 
age for feedback to Terminal 2 via 10kQ current-limiting 
resistor. The circuit is powered by a single 8.4V mercury bat- 
tery. With zero input signal, the circuit consumes somewhat 
less than 500u/A plus the meter current required to indicate a 
given voltage. Thus, at full scale input, the total supply cur- 
rent rises to slightly more than 1500pA. 


SHORT-CIRCUIT CURRENT 
LIMIT ADJUSTMENT 


Seeeeecea 


Hum and Noise Output < 250 VRMS: 


Regulation (No Load to Full Load) <0.005%; 
Input Regulation < 0.01%/V 


FIGURE 17. VOLTAGE REGULATOR CIRCUIT (0.1V TO 35V AT 1A) 
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FIGURE 19. HIGH INPUT RESISTANCE DC VOLTMETER 
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Function Generator 


A function generator having a wide tuning range is shown in 
Figure 20. The adjustment range, in excess of 1,000,000/1, 
is accomplished by a single potentiometer. Three opera- 
tional amplifiers are utilized: a CA3160 as a voltage follower, 
a CA3080 as a high speed comparator, and a second 
CA3080A as a programmable current source. Three variable 


capacitors C1, C2, and C3 shape the triangular signal 
between 500kHz and 1MHz. Capacitors C4, C5, and the 
trimmer potentiometer in series with C5 maintain essentially 
constant (+10%) amplitude up to 1MHz. 


20pF 
8.2kQ 
CENTERING [oy ate 
BUFFER 100kQ 
VOLTAGE FOLLOWER -7.5V o—AWAWA—— 47.5 
> +7.5V ae o +7.5V > +7.5V 
VOLTAGE-CONTROLLED -7p 
CURRENT SOURCE C1 ad aes 30kn 
FREQ. 0.1 pF 
SHAPE Bs 9 6.8MQ 
OH; / a 5) 
— Onb (4) 10-80 — (s} Or 
(5) PI : & CA3080 (6) 
~= TAN AY, + 
3s 9-75V = — (4) (3) 
SYMMETRY | 4.7kQ _ cyTeRNAL 
1A ee ey SWEEPING INPUT 
C4 
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ma MIN. FREQ.SET 2kQ i: ~ 
7.5V Pubes Rta -7.5V HIGH FREQ 15-115 
. 5000 LEVEL 
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(B) TWO-TONE OUTPUT SIGNAL FROM THE FUNCTION GEN- 
ERATOR. A SQUARE WAVE SIGNAL MODULATES THE EX- 
TERNAL SWEEPING INPUT TO PRODUCE 1Hz AND 1MHz, 
SHOWING THE 1,000,000/1 FREQUENCY RANGE OF THE 
FUNCTION GENERATOR 


(C) TRIPLE-TRACE OF THE FUNCTION GENERATOR SWEEP- 
ING TO 1MHz. THE BOTTOM TRACE IS THE SWEEPING SIG- 
NAL AND THE TOP TRACE IS THE ACTUAL GENERATOR 
OUTPUT. THE CENTER TRACE DISPLAYS THE 1MHz SIG- 
NAL VIA DELAYED OSCILLOSCOPE TRIGGERING OF THE 
UPPER SWEPT OUTPUT SIGNAL 


FIGURE 20. 1,000,000/1 SINGLE CONTROL FUNCTION GENERATOR: 1MHz to 1Hz 
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(B) STAIRCASE GENERATOR WAVEFORM 
Top Trace: Staircase Output 2V Steps 
Center Trace: Comparator 
Bottom Trace: Oscillator 


FIGURE 21. STAIRCASE GENERATOR CIRCUIT 


Staircase Generator 


Figure 21 shows a staircase generator circuit utilizing three 
CMOS operational amplifiers. Two CA3130's are used; one 
as a multivibrator, the other as a hysteresis switch. The third 
amplifier, a CA3160, is used as a linear staircase generator. 
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Picoammeter Circuit 


Figure 22 is a current-to-voltage converter configuration uti- 
lizing a CA3160 and CA3140 to provide a picoampere meter 
for 13pA full scale meter deflection. By placing Terminals 2 
and 4 of the CA3160 at ground potential, the CA3160 input 
is operated in the “guarded mode”. Under this operating con- 
dition, even slight leakage resistance present between Ter- 
minals 3 and 2 or between Terminals 3 and 4 would result in 
zero voltage across this leakage resistance, thus substan- 
tially reducing the leakage current. 


If the CA3160 is operated with the same voltage on input 
Terminals 3 and 2 as on Terminal 4, a further reduction in the 
input current to the less than one picoampere level can be 
achieved as shown in Figure 9. 


To further enhance the stability of this circuit, the CA3160 
can be operated with its output (Terminal 6) near ground, 
thus markedly reducing the dissipation by reducing the sup- 
ply current to the device. 


The CA3140 stage serves as a X100 gain stage to provide 
the required plus and minus output swing for the meter and 
feedback network. A 100-to-1 voltage divider network con- 
sisting of a 9.9kQ resistor in series with a 100Q resistor sets 
the voltage at the 10GQ resistor (in series with Terminal 3) to 
+30mV full-scale deflection. This 30mV signal results from 
+3V appearing at the top of the voltage divider network 
which also drives the meter circuitry. 


By utilizing a switching technique in the meter circuit and in 
the 9.9kQ and 100Q network similar to that used in voltmeter 
circuit shown in Figure 19, a current range of 3pA to 1nA full 
scale can be handled with the single 10GQ resistor. 
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FIGURE 22. CURRENT-TO-VOLTAGE CONVERTER TO PROVIDE A PICOAMMETER WITH +3pA FULL SCALE DEFLECTION 
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(B) SAMPLE AND HOLD WAVEFORM (C) SAMPLE AND HOLD WAVEFORM 


Top Trace: Sampled Output Top Trace: Sampied Output 
Center Trace: Input Signal Center Trace: Input 
Bottom Trace: Sampling Pulses Bottom Trace: Sampling Pulses 


FIGURE 23. SINGLE SUPPLY SAMPLE AND HOLD SYSTEM, INPUT OV TO 10V 
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Single Supply Sample-and-Hold System 


Figure 23 shows a single supply sample-and-hold system 
using a CA3160 to provide a high input impedance and an 
input-voltage range of OV to 10V. The output from the input 
buffer integrator network is coupled to a CA3080A. The 
CA3080A functions as a strobeable current source for the 
CA3140 output integrator and storage capacitor. The 
CA3140 was chosen because of its low output impedance 
and constant gain-bandwidth product. Pulse “droop” during 
the hold interval can be reduced to zero by adjusting the 
100kQ bias-voltage potentiometer on the positive input of 
the CA3140. This zero adjustment sets the CA3080A output 
voltage at its zero current position. In this sample-and-hold 
circuit it is. essential that the amplifier bias current be 
reduced to zero to minimize output signal current during the 
hold mode. Even with 320mV at the amplifier bias circuit ter- 
minal (5) at least 1100pA of output current will be available. 


Wien Bridge Oscillator 


A simple, single supply Wien Bridge oscillator using a 
CA3160 is shown in Figure 24. A pair of parallel-connected 
1N914 diodes comprise the gain-setting network which stan- 
dardizes the output voltage at approximately 1.1V. The 500Q 
potentiometer is adjusted so that the oscillator will always 
start and the oscillation will be maintained. Increasing the 
amplitude of the voltage may lower the threshold level for 
starting and for sustaining the oscillation, but will introduce 
more distortion. 
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FIGURE 24. SINGLE SUPPLY WEIN BRIDGE OSCILLATOR 
Operation with Output Stage Power Booster 


The current sourcing and sinking capability of the CA3160 
output stage is easily supplemented to provide power-boost 
capability. In the circuit of Figure 25, three CMOS transistor- 
pairs in a single CA3600 IC array are shown parallel-con- 
nected with the output stage in the CA3160. In the Class A 
mode of CA3600E shown, a typical device consumes 20mA 
of supply current at 15V operation. This arrangement boosts 
the current-handling capability of the CA3160 output stage 
by about 2.5X. 


The amplifier circuit in Figure 25 employs feedback to estab- 
lish a closed-loop gain of 20dB. The typical large-signal- 
bandwidth (-3dB) is 190kHz. 
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FIGURE 25. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3160 
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Thermocouple Preamplifiers 
e Strain Gauge Bridge Amplifiers 


Summing Amplifiers 

e Differential Amplifiers 

¢ Bilateral Current Sources 

e Log Amplifiers 
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Description 


The CA3193A and CA3193 are ultra-stable, precision 
instrumentation, operational amplifiers that employ both 
PMOS and bipolar transistors on a single monolithic chip. 
The CA3193A and CA3193 amplifiers are internally phase 
compensated and provide a gain bandwidth product of 
1.2MHz. They are pin compatible with the industry 741 
series and many other IC op amps, and may be used as 
replacements for 741 series types in most applications. 


The CA3193A and CA3193 can also be used as functional 
replacements for op amp types 725, 108A, OP-5, OP-7, 
LM11 and LM714 in many applications where nulling is not 
employed. Because of their low offset voltage and low offset 
voltage vs temperature coefficient the CA3193A and 
CA3193 amplifiers have a wider range of applications than 
most op amps and are particularly well suited for use as 
thermocouple amplifiers, high gain filters, buffer, strain 
gauge bridge amplifiers and precision voltage references. 


The two types in the CA3193 series are functionally 
identical. The CA3193A and CA3193 operate from supply 
voltages of +3.5V to t18V. 


Ordering Information 


NUMBER RANGE 


Pinouts 


CA3193 
(TO-5 CAN) 
TOP VIEW 


INV. INPUT (2) be, (6) 
‘agor" OFFSET NULL 
NON-INV. INPUT a 


“Y 
NOTE: Pin 4 is connected to case on S and T suffix. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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CA3193 
(PDIP) 
TOP VIEW 


OFFSET NULL | 1| '8 | NC 
INV. INPUT | 2| V+ 
NON-INV. INPUT | 3) 16 | OUTPUT 


v- 15 | OFFSET NULL 
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Specifications CA3193, CA3193A 


Absolute Maximum Ratings 
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DUNCHON TOTIDOTALUNG cies crs se ch a eae vo B ic sen of cae +175°C 
Junction Temperature (Plastic Package) ............+.- +150°C 
Output Short Circuit Duration (Note 1)..............6. Indefinite 
Lead Temperature (Soldering 10 Sec.).........-.e0 ees +300 °C 


Operating Conditions 
Operating Temperature Range 
Bs aes HEC Sos pK R Ede ARES CORES IO -25°C < Ty < +85°C 
Ls SO Nee ape gee eR She Ree eT 0°C < Ty s + 70°C 
Storage Temperature Range.............-- -65°C < Ty < +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Ty, = 


PARAMETERS 
Input Offset Voltage IVio | 


SYMBOL 


©N P-P 


Vicr 


Vio at Max. Temp. 


Input Offset Voltage Temperature Coefficient 
(Over Specified Temperature Range for Each 
Device) 


input Offset Current 


lio | at Max. Temp. 


Input Offset Current Temp. Coefficient 
(Over Specified Temperature Range for Each 
Device) 


Input Bias Current 


lI - at Max. Temp. 


Input Bias Current Temp. Coefficient 


Input Noise Voltage (0.1 to 10Hz) 
Input Noise Voltage Density 

f= 10Hz 

f= 100Hz 

f= 1000Hz 

f= 10kHz 
f= 100kHz 
Input Noise Current (0.1 to 10 Hz) 


Input Noise Current Density 
f= 10Hz 
f= 100Hz 
f= 1000Hz 
f= 10kHz 
f= 100kHz 


Common-Mode Input Voltage Range 


25°C, V+ = 15V and V- = -15V, Unless Otherwise Specified. 


LIMITS 


725 
pvc 


a.) 
= 


Bi DViv Loe ls ol2ti2zisi2i 2 aad 
<| 2] 2] 2] 2] 2 /3/3/2/3/5 |¢ 2 4 = 
AAA FlalaalaA |* |S 3 


N 


> 
Oo 


207 
3.70 


z 


: 


0.80 
0.75 
0.72 
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OPERATIONAL 


AMPLIFIERS 


Specifications CA3193, CA3193A 


Electrical Specifications T, = 25°C, V+ = 15V and V- = -15V, Unless Otherwise Specified. (Continued) 


PARAMETERS SYMBOL 


Common-Mode Rejection Ratio PANG 
von ae 
Power Supply Rejection Ratio AVjo/AV+ 10s 


Maximum Output Voltage Swing (Ry, = 2KQ) 


Large-Signal Voltage Gain (Vo = +10) - 


CA3193A 


BEEBE 


pV/V 


as 
Te 
= 
acu 


= 


+13.0 | +13.5 


Ry 2 2KQ 


Short-Circuit Output Current to the Opposite lom + 
Rail low 
Slew Rate, (R, = 2KQ; Unity Gain Voltage Fol- 

lower) 


Gain-Bandwidth Product, Ao, = 0dB, Ri, = 2kQ, 
C, = 100pF, Vjy = 20, f = 1 kHz 


Small-Signal Transient Response ee 


(Vin = 20MVp.p, f = 1kHz) 
Supply Current, R, = ce, V+ = 15, V- = -15 


9° 


Temperature Range 


pep 
shoce! Seales Nake Sade Uh 
Saas AL aa 
Pat pepo 


NOTE: 
1. Short circuit may be applied to ground or to either supply. 


Functional Block Diagram 


BIAS NETWORK (7) v+ 


660A 


a 20pF 7.5K 


INPUT 


OFFSET 
NULL 


FIGURE 1. BLOCK DIAGRAM OF CA3193A AND CA3193 
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CA3193, CA3193A 


Schematic Diagrams 


OPERATIONAL 
AMPLIFIERS 


FIGURE 3. SCHEMATIC DIAGRAM OF CA3193A AND CA3193 
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CA3193, CA3193A 


Circuit Description 


The block diagram of the CA3193 amplifier, Figure 1 shows 
the voltage gain and supply current for each of its four ampli- 
fier stages. Simplified and complete schematic diagrams of 
the CA3193 amplifier are shown in Figures 2 and 3, respec- 
tively. 


A quad of physically cross-connected n-p-n transistors com- 
prise the input-stage differential pair (Q1, Q2 in Figures 2 
and 3); this arrangement contributes to the low input offset- 
voltage characteristics of the amplifier. The ultra-high gain 
provided in the first stage ensures that subsequent stages 
cannot significantly influence the overall offset-voltage char- 
acteristics of the amplifier. High load impedances for the 
input-stage differential pair (Q1, Q2) are provided by the cas- 
code-connected p-n-p transistors Q3, Q5 and Q4, Q6, 
thereby contributing to the high gain developed in the stage. 


The second stage of the amplifier consists of a differential 
amplifier employing PMOS/FETs (Q7, Q8 in Figures 2 and 
3) with appropriate drain loading. Since Q7 and Q8 are MOS/ 
FETs, their loading on the first stage is quite low, thereby 
making an additional contribution to the high gain developed 


in the first stage. The second stage is also configured to con- 
vert its differential signal to a single-ended output signal by 
means of current mirror D9, Q30 (Figures 2 and 3) to drive 
subsequent gain stage. 


The third stage of the amplifier consists of Darlington-con- 
nected n-p-n transistors (Q17, Q19 in Figures 2 and 3), driv- 
ing the quasi-complementary Class AB output stage (Q14 
and Q15, Q16 in Figures 2 and 3). Output-stage short-circuit 
protection is activated by voltage drops developed across 
the 60Q resistors adjacent to the output terminal (R9 and 
R10, Figure 3). When the voltage drop developed across 
either of these resistors reaches a potential equal to 1 Ver, 
the respective protective transistor (Q12 or Q13) is activated 
and shunts the base drive from the bases of the output stage 
transistors (Q14 and Q15, Q16). 


Internal frequency compensation for the CA3193 amplifier is 
provided by two internal networks, a 6pF capacitor con- 
nected between the input-stage transistor collectors and the 
node between the third and output stages and a second net- 
work, consisting of a 20pF capacitor in series with a 7.5kQ 
resistor connected between the input and output nodes of 
the third stage. 


Typical Performance Curves 


CA3193A (-25°C to 85°C) 


CT eet ie 
Cee I Te 
i St LS 2 
BG MB Mik aiks 


rte af 
a a8 Lia i 
ca 


200 


100 


INPUT OFFSET VOLTAGE ( :V) 


-50 100 150 
TEMPERATURE (°C) 
FIGURE 4. TYPICAL INPUT OFFSET-VOLTAGE TEMPERA- 
TURE CHARACTERISTIC 


300 


200 


100 


INPUT OFFSET VOLTAGE (uV) 


TIME AT AMBIENT TEMPERATURE = 125°C (HOURS) 


0 385 770 1155 
EQUIVALENT TIME AT TEMPERATURE = 25°C (DAYS) 


FIGURE 5. INPUT OFFSET VOLTAGE vs TIME 
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CA3193, CA3193A 


Typical Performance Curves (continued) 


= < 
g : 
me rr 
WwW c 
ec ec 
ec = 
3 © 
SCOP Naseem] i 
: oe oa oe en ve aon co et : 
r mS 
E oe ie BCs. CA3193A (-25°C to 85°C) S 
50 0 50 400 150 100 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 6. TYPICAL INPUT BIAS CURRENT vs TEMPERATURE _— FIGURE 7. TYPICAL INPUT OFFSET CURRENT vs 


TEMPERATURE 


OPERATIONAL 
AMPLIFIERS 


EQUIVALENT INPUT NOISE VOLTAGE (nV/Viiz) 
EQUIVALENT INPUT NOISE CURRENT (pA/Viiz) 
POWER SUPPLY CURRENT (mA) 


LUT TU | a 


10! 10° 104 40° 
FREQUENCY (Hz) POWER SUPPLY VOLTAGE (+V) 
FIGURE 8. INPUT NOISE VOLTAGE AND CURRENT DENSITY FIGURE 9. POWER SUPPLY VOLTAGE vs SUPPLY CURRENT 
vs FREQUENCY 
160 


J a) 
z 80 S af 
a Ww 4 
G a & 
a w 
6 40 3 8 
Sg S 3 
2 a 
z < z 
o 0 w Wi 
re) g cs 
zr (e) 
a. 
-40 
-80 
FREQUENCY (Hz) POWER SUPPLY VOLTAGE (+V) 


FIGURE 10. OPEN-LOOP GAIN AND PHASE-SHIFT RESPONSE FIGURE 11. OPEN-LOOP GAIN vs POWER-SUPPLY VOLTAGE 
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CA3193, CA3193A 


Typical Performance Curves (continued) 


140 


OPEN LOOP GAIN (dB) 
n 
a 


-50 0 50 100 150 
TEMPERATURE (°C) 


FIGURE 12. OPEN-LOOP GAIN vs TEMPERATURE 


li 
CET TT TN TT 
STE aN 
CLUE HEE TET TENE 


MAXIMUM OUTPUT VOLTAGE SWING (Vp.p) 


Ben 
1 10! 102 10° 104 10° 
FREQUENCY (Hz) 


FIGURE 14. MAXIMUM UNDISTORTED OUTPUT VOLTAGE vs 
FREQUENCY 


4 


” 
4 
9 
ge! 
Ov 
ii 2 
55 
cu 
or 
Oo. 
zQ 0 
~ 
a } 
= 4 
-2 
0 4 8 12 16 20 24 28 
SUPPLY VOLTAGE (+V) 
FIGURE 13. 
1 
y Ges BSe8 Te Sie eS 
S eee a 
Bs ais Nawa caen Soa Wom 
aS eee ee 
CF Es Me ee = SS Ma Lk 
2s Mai! HOME CRAG eee RE 
SF) Pais Roae eral BEE eles Rees 
+ Sis Dad ia aoe 
2.0 Sees Ss ee Ce 
5 meres Ras Sediee ee ae NO 
S gt oe 
ede tit 
- Sail SG skies es BS 
0 4 8 12 16 20 24 28 
SUPPLY VOLTAGE (+V) 


FIGURE 16. OUTPUT-VOLTAGE-SWING CAPABILITY AND 
COMMON-MODE INPUT-VOLTAGE vs SUPPLY 
VOLTAGE 


Offset Voltage Nulling 


The input offset voltage can be nulled to zero by any of the 
three methods shown in the table below. A 10K potentiome- 
ter between terminals 1 and 5, with its wiper returned to V-, 
will provide a gross nulling for all types. For finer nulling, 


either of the other two circuits shown below may be used, 
thus providing simpler improved resolution for all types. 


CAUTION: The CA3193 amplifiers will be damaged if they are 
plugged into op-amp circuits employing nulling with respect to the 
V+ supply bus. 
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CA3193, CA3193A 


Offset Voltage Nulling 


CA3193A 


Test Circuits 


Vout = -Vin 


(A) 


0 
— ane 10V 
ne es oe gear. 10¥ 
fe an ae ea DIV 
0.1ms 
0 HORZ: 
DIV 


(B) 


v- 
@ 2G) 
R 10K 1K 
RESISTOR R VALUE RESISTOR R VALUE RESISTOR R VALUE 


; ORTON TORT Gross Offset Adjustment Finer Offset Adjustments 


OPERATIONAL 
AMPLIFIERS 


TOP TRACE: INPUT VOLTAGE 
BOTTOM TRACE: OUTPUT VOLTAGE 


FIGURE 17. INVERTING AMPLIFIER (A) TEST CIRCUIT (B) RESPONSE TO 1kHz, 20Vp_p SQUARE WAVE 
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CA3193, CA3193A 


Test Circuits (Continued) 


SIMULATED 
LOAD 


(A) 


TOP TRACE: INPUT VOLTAGE 
BOTTOM TRACE: OUTPUT VOLTAGE 


10V 
VERT: Div V+ = 15V 
V- = -15V 
0.1ms 
HORZ: ——— R, = 2K 


(B) 
FIGURE 18. VOLTAGE FOLLOWER (A) TEST CIRCUIT (B) RESPONSE TO 20Vp.p, 1kKHz SQUARE WAVE INPUT 


LOW PASS HIGH PASS 
FILTER FILTER 
DCTO10Hz 0.1 T010Hz 


A ee 4d 


COPE 
INPUT 
RESISTANCE 


100Q 
1% 


Saeaeaeaaeaaasb «%“SAeAeaaeaasn 


(B) (C) 


FIGURE 19. LOW FREQUENCY NOISE (A) TEST CIRCUIT - 0.1 TO 10Hz (B) OUTPUT @) WAVEFORM - 0 TO 10Hz NOISE 
(C) OUTPUT WAVEFORM - 0.1 TO 10Hz NOISE 
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CA3193, CA3193A 


Application Circuits 


ALL RESISTANCE VALUES ARE IN OHMS 


R1+ R2 R2 
ihe sae es 


R1 
FOR IDEAL RESISTORS WITH as = — R1 


FOR VALUES ABOVE Vout = 2(Vo - Vy) 


Vout ~ “b~ Ya ht IF Ay IS TO BE MADE! ANDIF R1=R3=R4=R 
WITH R2 = 0.999R (0.1% MISMATCH IN R2) 


OPERATIONAL 
AMPLIFIERS 


pes as GO ) THEN Vocy = 0.0005 Viy OR CMRR = 66dB 
vn —V R3 THUS, THE CMRR OF THIS CIRCUIT IS LIMITED BY 
THE MATCHING OR MISMATCHING OF THIS NETWORK 
RATHER THAN THE AMPLIFIER. 


FOR VALUES ABOVE Voyt = (Vp - Va) (10) 


FIGURE 20. TYPICAL TWO-OP AMP BRIDGE-TYPE DIFFEREN- FIGURE 21. DIFFERENTIAL AMPLIFIER (SIMPLE SUBTRACT- 
TIAL AMPLIFIER ER) USING CA3193 


R2 


Ri 
(0Q TO 3.0kQ) 
WITH V = 1V 


sSBeeeeeaeaeaa 


ALL RESISTORS ARE 1% e = ‘ 
IF R1 = R3 AND R2~ R4 +R5 THEN y die ~(¥ + —y2+ ys) 
I_ IS INDEPENDENT OF VARIATIONS IN Ry. OUT ai? 
FOR R, VALUES OF 02 TO 3kQ WITH V = 1V 
_ VR4 v (1M) a - Vout = - (2V4+ 2V2 + 2V3) 
L~ Rons (2M) (4K) o2KSO ALL RESISTANCE VALUES ARE IN OHMS 
FIGURE 22. USING CA3193 AS A BILATERAL CURRENT FIGURE 23. TYPICAL SUMMING AMPLIFIER APPLICATION 
SOURCE 
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CA3193, CA3193A 


Application Circuits (continued) 


THERMOCOUPLE S) 


Y 0-ImA 


ALL RESISTORS ARE 1% i ol 
ALL RESISTORS ARE IN OHMS 


FIGURE 24. THE CA3193 USED IN A THERMOCOUPLE CIRCUIT 


The CA3193 is an excellent choice for use with thermocou- nal 500 times. The three 22-megohm resistors will provide 
ples. In Figure 24, the CA3193 amplifies the generated sig- _ full-scale output if the thermocouple opens. 
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Ga HARRIS 


SEMICONDUCTOR 


CA3240 


Dual BiMOS Operational Amplifier 
with MOSFET Inpu/Bipolar Output 


March 1993 
Features Description 
e Dual Version of CA3140 The CA3240A and CA3240 are dual versions of the 


popular CA3140 series integrated circuit operational 
* iernally Compensated amplifiers. They combine the advantages of MOS and 
¢ MOSFET Input Stage bipolar transistors on the same monolithic chip. The 

- Very High Input Impedance (Z,,) 1.5TQ Typ gate-protected MOSFET (PMOS) input transistors pro- 


- Very Low Input Current (I,) 10pA Typ. at +15V (Gk DEE We Gon Conve 
- Wide Common-Mode Input Voltage Range (Vicr): Can be tive supply rail). The bipolar output transistors allow a 


Swung 0.5V Below Negative Supply Voltage Rail wide output voltage swing and provide a high output 

¢ Directly Replaces Industry Type 741 in Most Applications current capability. 
ae The CA3240A and CA3240 are compatible with the 
Applications industry standard 1458 operational amplifiers in similar 


e Ground Referenced Single Amplifiers in Automobile and Porta- Recnages, [ne ofeet nussoalure Is avAlaiaie Oy Mra) 


_! 

these types are supplied in the 14 lead dual-in-line SL 

ble Instrumentation plastic package (E1 suffix). 5 fi 

e Sample and Hold Amplifiers E “ 

¢ Long Duration Timers/Multivibrators (Microseconds-Minutes- Ordering Information ri Z 
Hours) re) 


Photocurrent Instrumentation 


PART TEMPERATURE 
NUMBER RANGE 


e Intrusion Alarm System ¢ Active Filters CA3240AE -40°C to +85°C | 8 Lead Plastic DIP 
e Comparators e Function Generators CA3240AE1 -40°C to +85°C 14 Lead Plastic DIP 
> 

e Instrumentation Amplifiers ¢ Power Supplies ae AO O86 CLP bead Case Ole. 
CA3240E1 -40°C to +85°C | 14 Lead Plastic DIP 

Pinouts CAS240. CAR2408 Block Diagram 

gp casa cawbooscuscdaprabascbecees ocseee bane 
TOP VIEW 2mA 4mA 


OUTPUT (A) [1 8} V+ 


rc 5 
‘ ‘ 
‘ a 
6 
‘ , 
U 4 
/ ‘ 
INV. : BIAS CIRCUIT y 
INPUT (A) L2, OUTPUT CURRENT SOURCES 
INV. , AND REGULATOR ' 
NON-INV. : ; 
INPUT (A) Ls 8 eats Be 
“tS SI inpuT (B) 
i] é 
é 
CA3240, CA3240A ‘ ‘ OUTPUT 
(PDIP) INPUT } A = 10,000 1—< 
TOP VIEW a ; 
s 
INV. ra] OFFSET 
INPUT (A) NULL (A) 4 ; 
NON-INV. * ‘ ; 
INPUT (A) L2 13} V+ 
OFFSET | 3| 2] OUTPUT (A) o V- 
NULL (A) ; 
v- 41] NC tape lidseunsopduavaddinaceschedinasesnsaaaan 
OFFSET : A 
NULL (B) LS 10] OUTPUT (B) OFFSET 
NON - INV. 9 |] v4" NULL* *Only available with 14 lead DIP (E1 Suffix) 
INPUT (B) 
i rg] OFFSET 
INPUT (B) NULL (B) 
* Pins 9 and 13 internally connected through approximately 3Q 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 050.2 
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Specifications CA3240, CA3240A 


Absolute Maximum Ratings 


Supply Voltage (between V+ and V-) ...........0. cece eees 36V 
Differential Input Voltage. ........... cece ee eee eee eee ee OV 
IY WENT ooo 5. SE PUSS RUS ee se 0 Be (V+ +8V) to (V- -0.5V) 
PIR AFIRPOIES 5 Naki os ISS. A ag oe ew bstineee daa ters 1imA 
Output Short Circuit Duration (Note 1)................ Indefinite 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)...........-.2005- +300°C 


Operating Conditions 


Operating Temperature Range .............. -40°C < Ty, < +85°C 
Storage Temperature Range............... -65°C < Ty $+150°C 
Operating Voltage Range ............. 4V to 36V or +2V to +18V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications For Equipment Design, V+ = 15V, V- = -15V, T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL 


a 
a 
Ao 


Large-Signal Voltage Gain L 
(Note 2) 


(See Figures 2, 17) 
CMRR 
70 
6 


Common-Mode Rejection Ra- 
tio (See Figure 7) 


Common-Mode Input Voltage 
Range (See Figure 14) 


AVio/AVt 


Power Supply Rejection Ratio 


(See Figure 9) 

las aie Bei 
Maximum Output Voltage 
(Note 3) 


(See Figures 14, 20) 


Maximum Output Voltage 
(Note 4) 


Supply Current (See Figure 5) 
For Both Amps. 


Total Device Dissipation 


NOTES: 


CA3240A 


-15.5 to 
+12.5 


240 


LIMITS 


a 
< 


. 
oO 


kV/V 


pV/V 


MN“ 
oO 


-15.5 to 
+12.5 


Ee 


pV/V 


~J 
Le) 


240 


1. Short circuit may be applied to ground or to either supply. Temperatures and/or supply voltages must be limited to keep dissipation within 


maximum rating. 
2. At Vo = 26Vp-p, +12V, -14V and R, = 2kQ. 
3. AtR, = 2kQ. 
4. AtV+= 5V, V- = GND, Isinx = 200A. 
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Specifications CA3240, CA3240A 


Electrical Specifications For Equipment Design, V+ = +15V, V- = -15V, T, = +25°C, Unless Otherwise Specified 


TYPICAL VALUES 
PARAMETERS SYMBOL 


CA3240A 
Input Offset Voltage Adjustment Resistor Typical Value of Resistor Between 
(E1 Package Only) Terms. 4 and 3(5) or Between 4 and 


Equivalent Wideband Input Noise Voltage 
(See Figure 19) 


Equivalent input Noise Voltage 
(See Figure 8) 


TEST CONDITIONS 


14(8) to Adjust Maximum Vio 


_ 


BW = 140kHz, Rg = 1MQ 


= 1kHz, Rg = 1002 
= 10kHz, Rg = 1002 


< 


Short-Circuit Current to Opposite Supply 


Gain Bandwidth Product (See Figures 3 
and 17) 


Slew Rate (See Figure 4) 


Transient Response: 


OPERATIONAL 
AMPLIFIERS 


= R, = 2kQ, C= 100pF 


Rise Time 


Overshoot (See Figure 18) 


= 2kQ, C, = 100pF 


Settling Time at 10 Vp-p (See Figure 15) 


imV 


Ry = 2kQ ,, C, = 100pF, Voltage Follower 


= 2kQ , C, = 100pF, Voltage Follower 


Crosstalk 
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Specifications CA3240, CA3240A 


Electrical Specifications For Equipment Design at V+ = 15V, V- = -15V, T, = -40 to +85°C, Unless Otherwise Specified 


TYPICAL VALUES 
PARAMETERS SYMBOL 


Input Current (Note 3) 


Large Signal Voltage Gain (See Figures 2, 17) kV/V 


Aor 
(Note 1) 


Common Mode Rejection Ratio (See Figure 7) CMRR 


Common Mode Input Voltage Range (See Figure 14) 


Power Supply Rejection Ratio (See Figure 9) 


pVv/V 


-15 to +12.3 -15 to +12.3 


Vicr 


AVio/AVt 


N 
to>) 
“I 
Oo 


Maximum Output Voltage (Note 2) (See Figures 14 and 20) 
-14.2 -14.2 


Supply Current (See Figure 5) For Both Amps 


- 
cC 
> 


Total Device Dissipation 


Temperature Coefficient of Input Offset Voltage AVio/AT pV°C 


slg 
wee ae 


NOTES: 
1. At Vo = 26Vp-p, +12V, -14V and R, = 2kQ 
2. AtR, = 2kQ. 
3. At Ts = +85°C. 


2-174 


Specifications CA3240, CA3240A 


Electrical Specifications For Design Guidance at V+ = 5V, V- = OV, T, = +25°C, Unless Otherwise Specified 


PARAMETERS 


Input Offset Voltage 
Input Offset Current = 


TYPICAL VALUES 


CA3240A 


mV 


+e) 


Large Signal Voltage Gain (See Figures 2 and 17) kV/V 


Input Current 
Input Resistance 
CMRR 


Common-Mode Rejection Ratio pV/V 


Common-Mode Input Voltage Range (See Figure 14) 


zo 
zc 
Ow 
Power Supply Rejection Ratio pV/V = u. 
ad 
Gs 
5 < 
Maximum Output Voltage (See Figures 14 and 20) 
Vom" 
Maximum Output Current 
Source lom+ 


— 


Slew Rate (See Figure 4) 


Gain Bandwidth Product (See Figure 3) 


i 


Supply Current (See Figure 5) 


Device Dissipation 
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CA3240, CA3240A 


Schematic Diagram 


BIAS CIRCUIT INPUT STAGE 


I i el 


BWVVeVeSVeVesVVeVeSVSSVeSeSVeSeseSSSs2 2g ee sSesese 


INVERTING ° 
INPUT ~ 
NON-INVERTING © 
INPUT + 


BBVVsSVeVseSeVeVeGCeVeVeVeSVeseVeSesSe2eVSSS HS SQeGQenGoeesuSeseepruaeeea 


* OFFSET NULL * 


ALL RESISTANCE VALUES ARE IN OHMS. 
*ONLY AVAILABLE WITH 14 LEAD DIP (E1 SUFFIX) 


FIGURE 1. SCHEMATIC DIAGRAM 


Circuit Description 


The schematic diagram of one amplifier section of the 
CA3240 is shown in Figure 1. It consists of a differential 
amplifier stage using PMOS transistors Q9 and Q10 with 
gate-to-source protection against static discharge damage 
provided by zener diodes D3, D4, and D5. Constant current 
bias is applied to the differential amplifier from transistors Q2 
and Q5 connected as a constant current source. This 
assures a high common-mode rejection ratio. The output of 
the differential amplifier is coupled to the base of gain stage 
transistor Q13 by means of an n-p-n current mirror that sup- 
plies the required differential-to-single-ended conversion. 
Provision for offset null for types in the 14 lead plastic pack- 
age (E1 suffix) is provided through the use of this current 
mirror. 


The gain stage transistor Q13 has a high impedance active 
load (Q3 and Q4) to provide maximum open-loop gain. The 
collector of Q13 directly drives the base of the compounc! 
emitter-follower output stage. Pulldown for the output stage 


SECOND STAGE 


DYNAMIC CURRENT SINK 


CPP PABBA ABABAEAAAAAAAAaEe 


OUTPUT STAGE 


OUTPUT 


SHOeeseeSs*eseeseeseS*eSessee Se ZseSeSeeeeeee4ae¥ngnqeu= eeu e22eeeqge eee eee gee 


SSeS SSSESSSSSBBSSSSSeeeeenuenuen 
BVRVSVVeVVeeSeVSVVSVSSVSeVBVeSSSVeSeSeSsSssSS4HePseseseseEq ss S2eeeVeHeSVe2euyssesese LoVe gQe=a 


SVBBeeeeeeeseSeeeeseeeeesBeeneaeeeaca 


wm PFPA AABZ ABABA AAAAAD 


OF ONE-HALF CA3240 SERIES. 


is provided by two independent circuits: (1) constant-current- 
connected transistors Q14 and Q15 and (2) dynamic cur- 
rent-sink transistor Q16 and its associated circuitry. The level 
of pulldown current is constant at about 1mA for Q15 and 
varies from 0 to 18mA for Q16 depending on the magnitude 
of the voltage between the output terminal and V+. The 
dynamic current sink becomes active whenever the output 
terminal is more negative than V+ by about 15V. When this 
condition exists, transistors Q21 and Q16 are turned on 
causing Q16 to sink current from the output terminal to V-. 
This current always flows when the output is in the linear 
region, either from the load resistor or from the emitter of 
Q18 if no load resistor is present. The purpose of this 
dynamic sink is to permit the output to go within 0.2V (Vcr 
(sat)) of V- with a 2kQ load to ground. When the load is 
returned to V+, it may be necessary to supplement the 1mA 
of current from Q15 in order to turn on the dynamic current 
sink (Q16). This may be accomplished by placing a resistor 
(Approx. 2kQ) between the output and V-. 
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CA3240, CA3240A 


Typical Performance Curves 


id 
oO 


10 


Ta = -40°C 
100 — Ro TBs VC 


OPEN-LOOP VOLTAGE GAIN (dB) 
“ 
rm) 


GAIN-BANDWIDTH PRODUCT (MHz) 
a 


25 
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 


FIGURE 2. OPEN LOOP VOLTAGE GAIN vs SUPPLY VOLTAGE FIGURE 3. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (continued) 
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Typical Performance Curves (Continued) 
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Typical Performance Curves (continued) 


BW (-3dB) = 140kHz 1kQ 
TOTAL NOISE VOLTAGE 
(REFERRED TO INPUT) = 48,V TYP. 


FIGURE 19. TEST CIRCUIT AMPLIFIER (30 dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENT 
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FIGURE 20. VOLTAGE ACROSS OUTPUT TRANSISTORS Q15 
AND Q16 AS A FUNCTION OF LOAD CURRENT 


Applications Considerations 
Output Circuit Considerations 


Figure 20 shows output current-sinking capabilities of the 
CA3240 at various supply voltages. Output voltage swing to 
the negative supply rail permits this device to operate both 
power transistors and thyristors directly without the need for 
level-shifting circuitry usually associated with the 741 series 
of operational amplifiers. 


Figure 21 shows some typical configurations. Note that a 
series resistor, R,, is used in both cases to limit the drive 
available to the driven device. Moreover, it is recommended 
that a series diode and shunt diode be used at the thyristor 
input to prevent large negative transient surges that can 
appear at the gate of thyristors, from damaging the inte- 
grated circuit. 


Input Circuit Considerations 


As indicated by the typical Vicp, this device will accept inputs 
as low as 0.5V below V-. However, a series current-limiting 
resistor is recommended to limit the maximum input terminal 
current to less than 1mA to prevent damage to the input pro- 
tection circuitry. 


Moreover, some current-limiting resistance should be pro- 
vided between the inverting input and the output when the 
CA3240 is used as a unity-gain voltage follower. This resis- 
tance prevents the possibility of extremely large input-signal 
transients from forcing a signal through the input-protection 
network and directly driving the internal constant-current 
source which could result in positive feedback via the output 
terminal. A 3.9kQ resistor is sufficient. 


The typical input current is in the order of 10pA when the 
inputs are centered at nominal device dissipation. As the 
output supplies load current, device dissipation will increase, 
rasing the chip temperature and resulting in increased input 
current. Figure 22 shows typical input-terminal current ver- 
sus ambient temperature for the CA3240. 


FIGURE 21. METHODS OF UTILIZING THE Vor (sat) SINKING 
CURRENT CAPABILITY OF THE CA3240 SERIES 
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FIGURE 22. INPUT CURRENT vs AMBIENT TEMPERATURE 


It is well known that MOSFET devices can exhibit slight 
changes in characteristics (for example, small changes in 
input offset voltage) due to the application of large differen- 
tial input voltages that are sustained over long periods at ele- 
vated temperatures. 


Both applied voltage and temperature accelerate these 
changes. The process is reversible and offset voltage shifts 
of the opposite polarity reverse the offset. In typical linear 
applications, where the differential voltage is small and sym- 
metrical, these incremental changes are of about the same 
magnitude as those encountered in an operational amplifier 
employing a bipolar transistor input stage. 


Offset-Voltage Nulling 


The input-offset voltage of the CA3240AE1 and CA3240E1 
can be nulled by connecting a 10kQ potentiometer between 
Terminals 3 and 14 or 5 and 8 and returning its wiper arm to 
Terminal 4, see Figure 23A. This technique, however, gives 
more adjustment range than required and therefore, a con- 
siderable portion of the potentiometer rotation is not fully uti- 
lized. Typical values of series resistors that may be placed at 
either end of the potentiometer, see Figure 23B, to optimize 
its utilization range are given in the table “Electrical Specifi- 
cations for Equipment Design” shown on third page of this 
data sheet. 


An alternate system is shown in Figure 23C. This circuit 
uses only one additional resistor of approximately the value 
shown in the table. For potentiometers, in which the resis- 
tance does not drop to zero ohms at either end of rotation, a 
value of resistance 10% lower than the values shown in the 
table should be used. 


(A) BASIC (B) IMPROVED (C) SIMPLER 
RESOLUTION IMPROVED 
RESOLUTION 


*See Electrical Specifications Table on third page of this data sheet for value of R. 


FIGURE 23. THREE OFFSET-VOLTAGE NULLING METHODS, (CA3240AE1, CA3240E1 ONLY.) 


2-182 


CA3240, CA3240A 


44M 10K (2W) 
+6V : bd cos 
= a 3 cain 
1M >) 40w 
E (64 - = &)  420V LIGHT 
SE 1/2 MT2 
ork peobe>otte tig k oF germ 
5.1M Cay 52. CA3059 4 
® G MT1 
a 
“OFF” 1M (3) a 7) 2 COMMON 
a= = cas240 >(1) Or: = 
— © 3 2 
0.01,F xs 1M fa) +6V SOURCE FR. 00H (16V) 
44M 
* AT 220V OPERATION, TRIAC SHOULD BE T2300D, 
Rg = 18K, 5W 


FIGURE 24. ON/OFF TOUCH SWITCH 


Typical Applications 
On/Off Touch Switch 


The on/off touch switch shown in Figure 24 uses the 
CA3240E to sense small currents flowing between two con- 
tact points on a touch plate consisting of a PC board metalli- 
zation “grid”. When the “on” plate is touched, current flows 
between the two halves of the grid causing a positive shift in 
the output voltage (Terminal 7) of the CA3240E. These posi- 
tive transitions are fed into the CA3059, which is used as a 
latching circuit and zero-crossing triac driver. When a posi- 
tive pulse occurs at Terminal 7 of the CA3240E, the triac is 
turned on and held on by the CA3059 and its associated 
positive feedback circuitry (51kQ resistor and 36kQ/42kQ 
voltage divider). When the positive pulse occurs at Terminal 
1 (CA3240E), the triac is turned off and held off in a similar 
manner. Note that power for the CA3240E is supplied by the 
CA3059 internal power supply. 


The advantage of using the CA3240E in this circuit is that it 
can sense the small currents associated with skin conduc- 
tion while allowing sufficiently high circuit impedance to pro- 
vide protection against electrical shock. 


Dual Level Detector (Window Comparator) 


Figure 25 illustrates a simple dual liquid level detector using 
the CA3240E as the sensing amplifier. This circuit operates 
on the principle that most liquids contain enough ions in 
solution to sustain a small amount of current flow between 
two electrodes submersed in the liquid. The current, induced 
by an 0.5V potential applied between two halves of a PC 
board grid, is converted to a voltage level by the CA3240E in 
a circuit similar to that of the on/off touch switch shown in 
Figure 24. The changes in voltage for both the upper and 
lower level sensors are processed by the CA3140 to activate 
an LED whenever the liquid level is above the upper sensor 
or below the lower sensor. 
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FIGURE 25. DUAL LEVEL DETECTOR 
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FIGURE 26. CONSTANT-VOLTAGE/CONSTANT-CURRENT POWER SUPPLY 
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Constant-Voltage/Constant-Current Power Supply 


The constant-voltage/constant-current power supply shown 
in Figure 26 uses the CA3240E1 as a voltage-error and cur- 
rent-sensing amplifier. The CA3240E1 is ideal for this appli- 
cation because its input common-mode voltage range 
includes ground, allowing the supply to adjust from 20mV to 
25V without requiring a negative supply voltage. Also, the 
ground reference capability of the CA3240E1 allows it to 
sense the voltage across the 19 current-sensing resistor in 
the negative output lead of the power supply. The CA3086 
transistor array functions as a reference for both constant- 
voltage and constant-current limiting. The 2N6385 power 
Darlington is used as the pass element and may be required 
to dissipate as much as 40W. Figure 27 shows the transient 
response of the supply during a 100mA to 1A load transition. 


Precision Differential Amplifier 


Figure 28 shows the CA3240E in the classical precision dif- 
ferential amplifier circuit. The CA3240E is ideally suited for 
biomedical applications because of its extremely high input 
impedance. To insure patient safety, an extremely high elec- 
trode series resistance is required to limit any current that 
might result in patient discomfort in the event of a fault condi- 
tion. In this case, 10MQ resistors have been used to limit the 
current to less than 2u.A without affecting the performance of 
the circuit. Figure 29 shows a typical electrocardiogram 
waveform obtained with this circuit. 


Top Trace: Output Voltage 
(500mV/Div. and 5ys/Div.) 


Bottom Trace: Collector Of Load Switching Transistor 
' Load = 100mA to 1A, (5V/Div. and 5y:s/Div.) 
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FIGURE 27. TRANSIENT RESPONSE 
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FIGURE 28. PRECISION DIFFERENTIAL AMPLIFIER 
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Vertical: 1.0mV/Div 
(Amplifier Gain = 100X) 
(Scope Sensitivity = 0.1V/Div.) 


Horizontal: > 0.2 Sec/Div. (Uncal) 


FIGURE 29. TYPICAL ELECTROCARDIOGRAM WAVEFORM 
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FIGURE 30. DIFFERENTIAL LIGHT DETECTOR 


Differential Light Detector 


In the circuit shown in Figure 30, the CA3240E converts the can be used over a wide range of ambient light conditions 
current from two photo diodes to voltage, and applies 1V of without circuit component adjustment. Also, when used with 
reverse bias to the diodes. The voltages from the CA3240E a light source, the circuit will not be sensitive to changes in 
Outputs are subtracted in the second stage (CA3140) so that _ light level as the source ages. 

only the difference is amplified. In this manner, the circuit 
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March 1993 with MOSFET Input/CMOS Output 
Features Description 
e MOSFET Input Stage provides CA3260A and CA3260 are integrated circuit operational 
- Very High Z, = 1.5TQ (1.5 x 10'2Q) Typ. amplifiers that combine the advantage of both CMOS and 
- Very Low |, =5pA Typ. at 15V Operation bipolar transistors on a monolithic chip. The CA3260 series 
= 2pA Typ. at 5V Operation circuits are dual versions of the popular CA3160 series. 


Gate protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input 
e Common Mode Input Voltage Range Includes Nega- impedance, very low input current, and exceptional speed 
tive Supply Rail; Input Terminals Can be Swung 0.5V __ performance. The use of PMOS field effect transistors in the 
Below Negative Supply Rail input stage results in common mode input voltage capability 


° CMOS Output Stage Permits Signal Swing to Either ee - ae, ig ie — — terminal, an 
(Or Both) Supply Rails important attribute in singie Supply applications. 


e Ideal for Single Supply Applications 


A complementary symmetry MOS (CMOS) transistor pair, 


Applications capable of swinging the output voltage to within 10mV of a o 
either supply voltage terminal (at very high values of load FS * 

e Ground Referenced Single Supply Amplifiers impedance), is employed as the output circuit. — 
qo 

e Fast Sample-Hold Amplifiers The CA3260 Series circuits operate at supply voltages c. = 
¢ Long Duration Timers/Monostables ranging from 4V to 16V, or t2V to +8V when using split a < 


supplies. The CA3260A offers superior input characteristics 
ideal Interface with Digital CMOS over those of the CA3260. 


High Input Impedance Wideband Amplifiers 


Ordering Information 


Ce ee me 
NUMBER RANGE 


Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 


Voltage Regulators (Permits Control of Output Voltage 
Down to Zero Volts) 


Wien Bridge Oscillators 
e Voltage Controlled Oscillators 


¢ Photo Diode Sensor Amplifiers 


Pinouts 
CA3260 (PDIP) CA3260 (TO-5 STYLE CAN) 
TOP VIEW TOP VIEW 


V+ 
TAB 


© 
OUTPUT (A) ye go OUTPUT (B) 


INV. Asa £ 
© 
Vv. 


INV. 
INPUT (A) vol | Ley INPUT (B) 
NON INV. 
O INPUT (B) 


NON INV. 
INPUT (A) © 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 266.2 
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Absolute Maximum Ratings 


DC Supply Voltage 

(Between V+ and V Terminals)...................0000. 16V 
Differential Mode 

WUE ONONENE N Ge PFg BG 5 7 one woe oe US Gs pS os oe 8V 
IRD NRO isan iran encrwyn eee (V+ +8 V) to (V- -0.5 V) 
UE PRIME CANTONN 6 5-5 02s 5 6p 3 Baan 6 Soa Denne Ls imA 
Output Short Circuit Duration (Note 1)................ Indefinite 
BNC TOURING oo ooo ct co ow secs oe bceeetees +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


Operating Conditions 
Operating Temperature Range (All Types) ....... -55°C to +125°C 
Storage Temperature Range (All Types)......... -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical Values Intended Only for Design Guidance 


Transient Response 


Rise Time 


Overshoot 


Settling Time (to <0.1%, Vin = 4Vp-p) 


V+ = 5V, V- = OV, Ta = +25°C, Unless Otherwise Specified 


Input Offset Voltage 
Input Offset Current i 


Input Current 
Common Mode Rejection Ratio 


Large Signal Voltage Gain 


Common Mode Input Voltage Range 


Supply Current 


Power Supply Rejection Ratio 


NOTE: 
1. Short circuit may be applied to ground or to either supply. 


C, = 25pF, Ry = 2kQ 
(Voltage Follower) 


C, = 25pF, Ry = 2kQ 
(Voltage Follower) 


= 
0 


V/us 


lee 


a 
< 
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Electrical Specifications For Each Amplifier at T, = +25°C, V+ = 15V, V- = OV, Unless Otherwise Specified 


PARAMETERS SYMBOL CONDITIONS 


Input Offset Voltage Vt = +7.5V 
Input Offset Current ee Vt = +7.5V 


Large Signal Voltage Gain 


Common Mode Rejection Ratio CMRR at er 


Common Mode Input Voltage Vicor 

Range 

Power Supply Rejection Ratio AVio/AVt 
V+ = 17.5V 


Maximum Output Voltage 
a R, = = 10kQ 


lout Source 
Vo (Ampli. A) = OV 


he Ry. = co 


— | hw | Pa 


kV, 


Maximum Output Current 


che Plelile [ebaleele |e 


Total Supply Current 


Vo (Ampili. 
Vo (Ampii. 


A) =7.5V 
B) = 7.5V 


Vo (Ampii. 
Vo (Ampli. 


ele[ |e] = ele lela He istielet leit 


pVPC 
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March 1993 Operational Amplifier 
Features Description 
e Low Initial Input Offset Voltage: 500u.V Max. The CA3280 and CA3280A types consist of two variable 
(CA3280A) operational amplifiers that are designed to substantially 
e Low Offset Voltage Change vs lagc: <500uV Typical reduce the initial input offset voltage and the offset voltage 
for All Types variation with respect to changes in programming current. 
¢ Low Offset Voltage Drift: 5.V/°C Max. (CA3280A) This design results in reduced “AGC thump,” an objection- 


¢ Excellent Matching of the Two Amplifiers for All Char- @ble characteristic of many AGC systems. Interdigitation, or 
acteristics crosscoupling, of critical portions of the circuit reduces the 


Internal Current-Driven Linearizing Diodes Reduce the @plifier dependence upon thermal and processing 


External input Current to an Offset Component variables. 
e Flexible Supply Voltage Range +2V to +15V The CA3280 has all the generic characteristics of an opera- 
; f tional voltage amplifier except that the forward transfer char- 
Applications acteristics is best described by transconductance rather than 
e Voltage Controlled Amplifiers voltage gain, and the output is current, not voltage. The a 
¢ Voltage Controlled Oscillators magnitude of the output current is equal to the product of « 2 
e Multipliers transconductance and the input voltage. This type of opera- S uw 
° Demodulators tional transconductance amplifier was first introduced in E is 
° Sample and Hold 1969"*, and it has since gained wide acceptance as a gate- co 
ble, gain controlled building block for instrumentation and ui = 
e Instrumentation Amplifiers y ae iy RSS 2 QW <¢ 
audio applications, such as linearization of transducer out- re) 
¢ Function Generators puts, standardization of widely changing signals for data pro- 
* Triangle Wave-to-Sine Wave Converters cessing, multiplexing, instrumentation amplifiers operating : 
¢ Comparators from the nanopower range to high current and high speed 
e Audio Preamplifiers comparators. 


 ''"—_r_ For additional application information on this device and on 
Ordering Information OTAs in general, please refer to Application Notes: ICAN- 


6818, ICAN-6668, and ICAN-6077. 
TEMPERATURE 
Leanrwuusen | “nance | PACKAGE 


CA3280AE -55°C to +125°C 16 Lead Plastic DIP 
CA3280E 0°C to +70°C 16 Lead Plastic DIP 
CA3280AF3 -55°C to +125°C 16 Lead Ceramic DIP 


Pinout Functional Diagram 


CA3280 1/2 CA3280 
(PDIP, CDIP) 
TOP VIEW 


“OTA Obsoletes Op Amp”, by C. F. Wheatley and H. A. Wittlinger, NEC Proceedings, December 1969. 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications CA3280, CA3280A 


Absolute Maximum Ratings 


Supply Voltage (Between V+ and V-)..............00 eens +36V 
SPRUE IE IND civic cc cc ccc ccatnnswesbcecees 5V 
WIP, VORUINIS TROPIOG  oiccs so 5k bg rss cvs sacs teibessce V+ to V- 
HOPPOUTAMIOEI CT gs ee Oe ccc ce wwewebess 100LA 
Amplifier Bias Current (Iago)... 0.2... cece cee ee ee eens 10mA 
CUIDUE Sore Gull CAWAUON” .. 54... ecw te venice Indefinite 
Linearizing Diode Bias Current, Ip .............00 cece cee 5mA 
Peak Input Current with Linearizing Diode.................... tp 
CRMOON) TETIOGIOUND. 6 os ee. cee veer cc cehaceens +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.).............000- +300°C 


“Short circuit may be applied to ground or to either supply 


Operating Conditions 


Operating Temperature Range 


CR a ee kino 6 Fi pace oe Ree ii wales 0°C to +70°C 
CAPS 5 6 co Fb Ds o's a nceipes ea eek -55°C to +125°C 
Storage Temperature Range (All Types)......... -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications at T, = +25°C, V+ = +15V (Unless Otherwise Specified). For Equipment Design 


PARAMETER SYMBOL TEST CONDITION 


lapc = 100nA 
Ing = 10HA 


ee = 1mA to 10pA, 
= Full Temp. Range 


IAViol Iysc=1HAto1mA | Iysc=1HAto1mA | 
Full Temp. Range 

a laac = 100HA 

laac = SOOPA 

ac Bi 

Voltage Range 
Noise Voltage 
10Hz 


Input Offset Voltage 
Drift 


Amplifier Bias Voltage 


Peak Output Voltage 
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Peak Output Current 
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LIMITS 
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Specifications CA3280, CA3280A 


Electrical Specifications at T, = +25°C, Vt = +15V (Unless Otherwise Specified). For Equipment Design (Continued) 


CA3280 CA3280A 
PARAMETER SYMBOL | TEST CONDITION 


= cia 
| | 


Sink and Source IOM-, | {ABC = 500pA, 
lOM+ = Full Temp. Range 


Linearization Diodes 
= 100yA 


= 100A 
Ip = 10pA 


Dynamic Impedance 


Offset Current 


Diode Network Supply 
Current 

Amplifier Supply Cur- 
rent (Per Amplifier) 


ef of fel] a] =isfel> | elsfeld 


co 
oO 
So 


lapo = SO0HA 


onl 
q ”) 
Amplifier Output Leak- lac = 0, Vo = OV FS i 
age Current ns L. 
lapc = 0, Vo = 30V <a 
ca 
Common Mode Rejec- CMRR = 100HA a a 
tion Ratio re} < 


s 


Open Loop Voltage Aoi lapc = 100pA, R, = 0° 
Gain Vo= = 20Vp. P 
Forward Transconduc- 

lasc = SOWA 


lapc = 10nA 
f = 1kHz 


f = 1kHz, lage = 1.5mA, 
Ry, = 15kQ, Vo = 20Vp.p 


laBc = 1imA, R, = 100Q 


lago = 100HA 


tance, 


Large Signal mmho 


Small Signal _ mmho 


Input Resistance 
Channel Separation 


Open Loop Total Har- 
monic Distortion 


> 
3s 


Bandwidth 
Slew Rate, Open Loop 


Capacitance 


Input 


oi 


Output 


Output Resistance 


elle fale} elel-|[e fafa] a] 3] 2/3] | afela|a | alelela 


MIN 
Peat 
cat 
oye 
eee a 
ees B8 
cee seine 
a= = 
tion Ratio 
Pah IO | 
a 
can Le 
fon eee 
we ies 
io ed 
i. 
Boe aoe 
Sais oe 


< 
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CA3280, CA3280A 


Metallization Mask Layout 


PRO: Raines spades 120-128 
(3.048-3. 251) 


Dimensions in parentheses are in millimeters and derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils (10° inch). 


The photographs and dimensions represent a chip when it is 
part of the wafer. When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the face of the 
chip. Therefore, the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 
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CA3280, CA3280A 


Description 


Figures 1 and 2 show the equivalent circuits for the current 
source and linearization diodes in the CA3280. The current 
through the linearization network is approximately equal to 
the programming current. There are several advantages to 
driving these diodes with a current source. First, only the off- 
set current from the biasing network flows through the input 
resistor. Second, another input is provided to extend the gain 
control dynamic range. And third, the input is truly differential 
and can accept signals within the common mode range of 
the CA3280. 


The structure of the variable operational amplifier eliminates 
the need for matched resistor networks in differential to sin- 
gle ended converters, as shown in Figure 3. A matched 
resistor network requires ratio matching of 0.01% or trim- 
ming for 80dB of common-mode rejection. The CA3280, with 
its excellent common mode rejection ratio, is capable of con- 
verting a small (t25mV) differential input signal to a single- 
ended output without the need for a matched resistor net- 
work. 


Figure 4 shows the CA3280 in a typical gain control applica- 
tion. Gain control can be performed with the amplifier bias 


Rp = SMALL SIGNAL DIODE 
IMPEDANCE 


et Se ee 


FIGURE 1. VOA SHOWING LINEARIZATION DIODES AND 
CURRENT DRIVE 


+15V 


SINGLE- 
ENDED 
OUTPUT 


DIFFERENTIAL 
INPUT 2kQ 


10kQ 


FIGURE 3. DIFFERENTIAL TO SINGLE ENDED CONVERTER 


current (lasc). With no diode bias current, the gain is merely 
gmR_. For example, with an lagc of 1mA, the gm is approxi- 
mately 16mmho. With the CA3280 operating into a 5kQ 
resistor, the gain is 80. 


The need for external buffers can be eliminated by the use of 
low value load resistors, but the resulting increase in the 
required amplifier bias current reduces the input impedance 
of the CA3280. The linearization diode impedance also 
decreases as the diode bias current increases, which further 
loads the input. The diodes, in addition to acting as a linear- 
ization network, also operate as an additional attenuation 
system to accommodate input signals in the volt range when 
they are applied through appropriate input resistors. 


Figure 7 shows a triangle wave-to-sine wave converter using 
the CA3280. Two 100kQ resistors are connected between 
the differential amplifier emitters and V+ to reduce the cur- 
rent flow through the differential amplifier. This allows the 
amplifier to fully cut off during peak input signal excursions. 
THD is appropriately 0.37% for this circuit. 


FIGURE 2. BLOCK DIAGRAM OF LINEARIZED VOA 


L 10Vp.p 
INPUT 
ae 8 
V+ 
~ 
y- 


V+ = +15V 


OUTPUT 
21Vp_p 
14mV AGC 
FEEDTHRU 
400uV 
NOISE AT 
MAX. GAIN 


15kQ 


VOLTAGE 
CONTROL 


FIGURE 4. TYPICAL GAIN CONTROL CIRCUIT 
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AMPLIFIERS 


CA3280, CA3280A 


Test Circuits 
(3) 
+15V 10kQ 
2kQ 
6 ON 
2 
330F CAsab0 ® 
51Q P (15) = 1800pF 
2ka (6) 
(O} (9) re OUTPUT 
F asian (12) (O) 
512 ep (0) ; Cs) 300pF 
“te (8) 1000 
a sv se Ok 
-15V 
1N914 
TO 10kQ 
TO 10kQ 


T o.05ue 


FIGURE 5. TWO CHANNEL LINEAR MULTIPLEXER 


100kQ 
9 V+=+7.5V y40—WA-— vy. 


Vs OW Vo Ve 


qoKn «= BKQ S000. a an, 3.3kQ 
MAX. FREQ. FREQ. SET 
SET 2kQ 4 -60pF 
4N914 1NO14 
FIGURE 6. CA3280 USED IN CONJUNCTION WITH A CA3160 TO PROVIDE A FUNCTION GENERATOR WITH A TUNABLE RANGE 
OF 2Hz TO 1MHz 
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CA3280, CA3280A 


Test Circuits (Continued) 


+15V 


170mVp.p 
44 2kQ 
1 6.8 
ve (MQ [MO 
NJ 
wenn : 3.9 
ey ka 
+15V =— 
1MQ 
100kQ a wo 
St 
Oo w 
: - = 
15V hs 15V g = 
FIGURE 7. TRIANGLE WAVE-TO-SINE WAVE CONVERTER FIGURE 8. LEAKAGE CURRENT TEST CIRCUIT Wu 2 
re) 


OUTPUT 


FIGURE 9. CHANNEL SEPARATION TEST CIRCUIT 
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CA3280, CA3280A 


Test Circuits (Continued) 


laac = 6SOLA 
Ip = 200A 

Vertical = 200pA/Div. 
Horizontal = 1V/Div. 


(A) EFFECTS OF DIODE LINEARIZATION, WITH DIODE PROGRAMMING TERMINAL ACTIVE 


lout 


laac = 650A 
, ™ Ip =0 

“15V Vertical = 200,A/Div. 
Horizontal = 25mV/Div. 


(B) WITH DIODE PROGRAMMING TERMINAL CUT-OFF 


FIGURE 10. CA3280 TRANSFER CHARACTERISTICS 
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CA3280, CA3280A 


Performance Curves 
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FIGURE 11. AMPLIFIER GAIN vs FREQUENCY 
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FIGURE 15. PEAK OUTPUT VOLTAGE vs AMPLIFIER BIAS 
CURRENT 
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FIGURE 16. INPUT CURRENT vs INPUT DIFFERENTIAL 
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Performance Curves (Continued) 
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FIGURE 17. LEAKAGE CURRENT vs TEMPERATURE 
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FIGURE 19. 1/F NOISE vs FREQUENCY 
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FIGURE 21. DIODE RESISTANCE vs DIODE CURRENT 
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FIGURE 20. PEAK OUTPUT CURRENT vs AMPLIFIER BIAS 
CURRENT 
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FIGURE 22. AMPLIFIER GAIN vs AMPLIFIER BIAS CURRENT 
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Performance Curves (continued) 
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CA3420 


Low Supply Voltage, Low Input Current 


BiMOS Operational Amplifiers 


Features 


e 2V Supply at 300A Supply Current 

° 1pA (Typ.) Input Current (Essentially Constant to 85°C) 
¢ Rail-to-Rail Output Swing (Drive +2mA into 1kQ Load) 
e Pin Compatible with 741 Operational Amplifiers 


Applications 

e pH Probe Amplifiers 

e Picoammeters 

¢ Electrometer (High Z) Instruments 

¢ Portable Equipment 

e inaccessible Field Equipment 

e Battery-Dependent Equipment (Medical and Military) 


Ordering Information 


hl 
NUMBER RANGE 


Description 


The CA3420A and CA3420 are integrated circuit operational 
amplifiers that combine PMOS transistors and bipolar tran- 
sistors on a single monolithic chip. The CA3420A and 
CA3420 BiMOS operational amplifiers feature gate pro- 
tected PMOS transistors in the input circuit to provide very 
high input impedance, very low input currents (less than 
1pA). The internal bootstrapping network features a unique 
guardbanding technique for reducing the doubling of leakage 
current for every 10°C increase in temperature. The CA3420 
series operates at total supply voltages from 2V to 20V 
either single or dual supply. These operational amplifiers are 
internally phase compensated to achieve stable operation in 
the unity gain follower configuration. Additionally, they have 
access terminals for a supplementary external capacitor if 
additional frequency roll-off is desired. Terminals are also 
provided for use in applications requiring input offset voltage 
nulling. The use of PMOS in the input stage results in com- 
mon mode input voltage capability down to 0.45V below the 
negative supply terminal, an important attribute for single 
supply application. The output stage uses a feedback OTA 
type amplifier that can swing essentially from rail-to-rail. The 
output driving current of 1.5mA (min) is provided by using 
nonlinear current mirrors. 


Pinouts 
CA3420 
(PDIP) 
TOP VIEW 
OFFSET NULL | 1. | 8 | STROBE 
INV. 
INPUT V+ 
NON-INV. 
sabe Es | 6 | OUTPUT 


| 5 | OFFSET NULL 


Functional Diagram 


CA3420 


CA3420 
(TO-5 CAN) 
TOP VIEW 
TAB STROBE BUFFER AMPS; : 
oe BOOTSTRAPPED : HIGH GAIN”: OTA BUFFER 
OFFSET NULL Ve INPUT PROTECTION : (50K) : (X2) 
NETWORK ; : 
INV. 
INPUT (6) OUTPUT 
NON-INV. (5) 
INPUT OFFSET NULL 
V- 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 320 2 


Copyright © Harris Corporation 1993 
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Specifications CA3420, CA3420A 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Operating Temperature Range (All Types) ....... -55°C to +125°C 
(Between V+ and V- Terminals) .............ce cee ceces 22V Storage Temperature Range (All Types)......... -65°C to +150°C 

Differential Input Voltage. fis... ce ecw cece eer 15V 

DC-Inpit VONAGO. 66d. dit. do eae ede (V+ + 8V) to (V- -0.5V) 

input Current reer OS BOOT EPR eee ee 1mA 

Output Short Circuit Duration (Note 1)................ Indefinite 

GUNCHON TOMMpOrature ) .. FG25 vide ck cd cc che os des eckes oth +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical Values Intended Only for Design Guidance. V+ = +10V: V- = -10V T, = +25°C 
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Equivalent Input Noise Voltage 


CA3420A 


Short-Circuit Current 
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Source 
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To Opposite Supply 


Sink 


Gain Bandwidth Product a 


Transient Response 
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ph 
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Ry = 2kQ, C, = 100pF 


Be cee aaa 
NOTE: 


1. Short circuit may be applied to ground or to either supply. 
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Rise Time 


Overshoot 


Current from Terminal 8 


To V- 


Current from Terminal 8 


To V+ 
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Specifications CA3420, CA3420A 


Electrical Specifications For Equipment Design. At V+ = 1V, V- = -1V, T, = +25°C, Unless Otherwise Specified 


CA3420A 


MIN 
[input Offset Voltage | Mol | | 
[Input Offset Current (Note 1) | tho! | |= 0.01 
[input Current(Note 1) | tt fT 0.02 


Common Mode Rejection Ratio CMRR ae ae 
Common Mode Input Voltage 

a 

Power Supply Rejection Ratio AVio/AV 


Saou oun eases 
input Ofset Vonage Temp Ort | avgaT | 


NOTE: 


1. The maximum limit represents the levels obtainable on high speed automatic test equipment. Typical values are obtained under laboratory 
conditions. 


LB 
al tLe 


oO 
N 


oO 
N 


Electrical Specifications For Equipment Design. At V+ = 10V, V- = -10V, T, = +25°C, Unless Otherwise Specified 


TEST CA3420A 
PARAMETERS SYMBOL | CONDITIONS 


input Offset Voltage ao Bake 
Input Offset Current (Note 1) eS Sa 
Input Current (Note 1) ko SS ieee 


Large Signal Voltage Gain Ao. | Ry = 10k eae 
Common Mode Rejection Ratio CMRR ee 
Common Mode Input Voltage 
Range 

: 
Power Supply Rejection Ratio caus 


+9.0 


[0.03 | 
0.05 
er 
| 100 
| 100 | 
|_| 
10 | 03 | 
| 82 
OO 
| 9.85 | 
ae 
Be se 
eee 


L 
a 


NOTE: 


1. The maximum limit represents the levels obtainable on high speed automatic test equipment. Typical values are obtained under laboratory 
conditions. 
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70 
+9.7 
-9.7 
4 


1 


+ 
© 


AVio/AV 


70 
ace 
meee 
me 
a 


2-204 


CA3420, CA3420A 


Typical Performance Curves 
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FIGURE 1. OUTPUT VOLTAGE SWING AND COMMON MODE _ FIGURE 2. OUTPUT VOLTAGE vs LOAD SOURCING CURRENT 
INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 
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FIGURE 5. OPEN LOOP GAIN AND PHASE SHIFT RESPONSE 
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Application Circuits 
Picoameter Circuit 


The exceptionally low input current (typically 0.2pA) makes 
the CA3420 highly suited for use in a picoameter circuit. With 
only a single 10GQ resistor, this circuit covers the range from 
+1.5pA. Higher current ranges are possible with suitable 
switching techniques and current scaling resistors. Input tran- 
sient protection is provided by the 1MQ resistor in series with 
the input. Higher current ranges require that this resistor be 
reduced. The 10MQ resistor connected to pin 2 of the 
CA3420 decouples the potentially high input capacitance 
often associated with lower current circuits and reduces the 
tendency for the circuit to oscillate under these conditions. 


10GQ 


High Input Resistance Voltmeter 


Advantage is taken of the high input impedance of the CA3420 
in a high input resistance DC. voltmeter. Only two 1.5V “AA” 
type penlite batteries power this exceedingly high-input resis- 
tance (>1,000,000MQ) DC voltmeter. Full-scale deflection is 
+500mV, +150mV, and +15mV. Higher voltage ranges are eas- 
ily added with external input voltage attenuator networks. 


The meter is placed in series with the gain network, thus 
eliminating the meter temperature coefficient error term. 


Supply current in the standby position with the meter 
undeflected is 300A. At full-scale deflection this current 
rises to 800A. Carbon-zinc battery life should be in excess 
of 1,000 hours. 


FIGURE 7. HIGH INPUT RESISTANCE VOLTMETER 
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Features Description 
¢ High Input Resistance................... 2TQ (Typ) The CA3440A and CA3440* are integrated circuit opera- 
© Standby Power at Vs =5V............. 300nW (Typ) tional amplifiers that combine the advantages of MOS and 


¢ Supply Current, BW, Slew Rate Programmable Using 
External Resistor 


WE CUrtON re bries cc dee ASS SBR Ree hcee 10pA (Typ) 
5V to 15V Supply 

¢ Output Drives Typical Bipolar Type Loads 

¢ Low Cost 8 Pin Mini-DIP, TO-5 Can, SOIC 

Ordering Information 


[wien | “anos | exceace 
NUMBER RANGE 

cru 
cuanor 


bipolar transistors on a single monolithic chip. 


The CA3440A and CA3440 BiMOS op amps feature gate 
protected PMOS transistors in the input circuit to provide 
very high input impedance, very low input currents (less than 
10pA). These devices operate at total supply voltage from 
SV to 15V and can be operated over the temperature range 
from -55°C to +125°C. Their virtues are programmability and 
very low standby power consumption (300nW). These oper- 
ational amplifiers are internally phase compensated to 
achieve stable operation in the unity gain follower configura- 
tion. Terminals are also provided for use in applications 
requiring input offset voltage nulling. The use of PMOS in the 
input stage results in common mode input voltage capability 
down to 0.5V below the negative supply terminals, an impor- 
tant attribute for single supply applications. The output stage 
uses MOS complementary source follower form which per- 
mits moderate load driving capability (10kQ) at very low 
standby currents (50nA). 


The CA3440A and CA3440 have the same 8 pin terminal 
pinout as the “741” and other industry standard op amps 
with two exceptions: terminals one and five must be con- 
nected to the negative supply or to a potentiometer if nulling 
is required. Terminal 8 must be programmed through an 
external resistor returned to the negative supply. 


* Formerly Dev. Type No. TA10590. 


Pinouts 
CA3440 CA3440 
(PDIP, SOIC) (TO-5 CAN) 
TOP VIEW TOP VIEW 
IseET 


8 | Iser 


INV. INPUT | 2. Vs 


V/OFFSET NULL | 1 | 


Gg OUTPUT 


|S | V-YOFFSET NULL 


INV. INPUT @) 
© 5) V-/OFFSET NULL 


V- CASE 


NON-INV. INPUT 


(8) 
V-/OFFSET NULL © 
> (6) OUTPUT 
(4) 


CA3440 


OPERATIONAL 
AMPLIFIERS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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File Number 


Specifications CA3440, CA3440A 


Absolute Maximum Ratings 


Supply Voltage 

(Between V+ and V- Terminals) ...........eeeeeeeeeees 25V 
Differential Input Voltage. ......... cece cece cc nccnenees 9V 
BC input Vonage sci ee os wee a (V+ +8V) to (V- -0.5V) 
LoS.) Sa Seas Pepe Reena: fir eee 1mA 
SMO VORMOOTOUN GS os kc cece ie cde ceesabeaueus +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Output Short Circuit Duration (Note 1)............65- Indefinite 
Lead Temperature (Soldering 10 Sec) ............+006- +300°C 


Operating Conditions 


Operating Temperature Range ..............-- -55°C to +125°C 
Storage Temperature Range.............+006- -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical Values Intended Only for Design Guidance. V+ = +5V, V- = -5V; Rger = 10MQ, Ta = +25°C 


Input Resistance 
Input Capacitance 
Output Resistance 


Equivalent Input 
Noise Voltage 
Short-Circuit Current 


Source 


To Opposite Supply 


Sink 


Gain Bandwidth Product 


Transient Response 
Rise Time 
Overshoot 


NOTE: 
1. Short circuit may be applied to ground or to either supply. 
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Specifications CA3440, CA3440A 


Electrical Specifications For Equipment Design. At V+ = +5\, V- = -5V, Regy = 10MQ, T, = +25°C, Unless Otherwise Specified 


TEST CA3440A CA3440 
PARAMETERS SYMBOL | CONDITIONS TYP 


ae eae: 
Ca TC 


SN 
Oo 


b 
ie} 
© 
2 
re] 
om | 
- 
—_ 
m 
ay 
a 
© 
G) 
2, 
a 
3 
(e) 
m 
Be) 
2 
iN 
5 


elelele| [2/8 


2) 
° 
a 
+ 
re) 
a 
= 
a 
® 
Ps) 
2. 
8 
= 
3 
ct. 
3 
QO 
= 
Bs) 
D 


70 
+3.5 +3.7 


Common Mode Input Voltage VICR + 
nae | vICR- | 
VICR - 


~ 
oO 
~“ 
>) 


1?) 
as 
io) 
De) 
rH : 
+ 
1¢*) 
NO 


ond 
‘ : <q ”) 
32 22 | Su 
i. LL 
rio | we] -| [0 | Sree < 
Tepe ern ye lea 


Schematic Diagram 


P1 P2 PS P6 


P3 
ai 
P4 


Iset (8) 
D5 
N10 
Q2 
- 2002 
(6) OUTPUT 
P12 
Di D2 
INVERTING Q 
INPUT P7 PB 


Q7 
NON-INVERTING (3) 
Q5 
Chace 
eB sd 
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CA3440, CA3440A 


Typical Performance Curves 


ttt | | | 
ee er Le [oe Te é 
ETT TT TT at icoxe 
Popa Ta 


a 
fe 
iL 
PLT | fonweonvy | | tT | | 
CHAR EEE 
ia 
ia 
a 


SET CURRENT (nA) 


aa Vicr- an oe oe 
pea (seme ole Hees jt Cam PRE 
a oe 2 ome 


INPUT AND OUTPUT VOLTAGE EXCURSIONS FROM 
THE POSITIVE AND NEGATIVE SUPPLY VOLTAGE (V) 


1.6 soe 5 Seed 
0 10 15 10 100 1000 10,000 
eis VOLTAGE (V) SUPPLY CURRENT (nA) 
FIGURE 1. OUTPUT VOLTAGE SWING AND COMMON MODE FIGURE 2. SET CURRENT vs SUPPLY CURRENT 


INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 


Ta = +25°C 
V- = OV 


Ta = +25°C 
V+ = +5V, V-=-5V 
IseT = 1pA 


TOTAL HARMONIC DISTORTION (%) 
OUTPUT VOLTAGE FROM V+ RAIL (V) 


0 
0 2 4 6 9 10 +E::.4AG 1G 18 90 
LOAD RESISTANCE (kQ) LOAD SOURCING CURRENT (mA) 


FIGURE 3. TOTAL HARMONIC DISTORTION vs LOAD RESIS- FIGURE 4. OUTPUT VOLTAGE vs SOURCING LOAD CURRENT 
TANCE 


_ 10° 
Ww 
re 
= = 
2 w 
z z 
> a 

“A 9 10° 
se) Ww 
& o 
w re) 
g za 
x 2 

9 Z 107 
a oa 
a % 
5 < 
ro) > 
é 

10! 

; 1 10! 1 
LOAD SINKING CURRENT (mA) FREQUENCY (Hz) 
FIGURE 5. OUTPUT VOLTAGE vs SINKING LOAD CURRENT FIGURE 6. INPUT NOISE VOLTAGE vs FREQUENCY 
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CA3440, CA3440A 


Typical Performance Curves (Continued) 
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10° == 
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Se ee SSS SSeS Se: 
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ee 


Petit i 
oa CCHIT 
1 10! 10 10° 104 10° 
SET CURRENT (nA) 


FIGURE 7. BANDWIDTH vs SET CURRENT 


STAGE 1 STAGE 2 
HIGH GAIN BUFFER 

100dB LOW Z 
OUTPUT 


FIGURE 9. NANOPOWER OP AMP (SUPPLY CURRENT PRO- 
GRAMMABLE USING Rgeq), 1pA TYPICAL INPUT 
BIAS CURRENT, 4.0V TO 15V SUPPLY 


As Rg_rz is increased, Isey and the standby power decrease 
while the BW/SR also decreases. 


Operating at a +5V single supply, the CA3440 exhibits the 
following characteristics: 


STANDBY 

POWER 
a 
| 10M} uw 27kKHz 0.017V/us 


ae a 


[son | —raxeiz | 00017 


SLEW RATE (uV/us) 


10? 10° 104 
SET CURRENT (nA) 


FIGURE 8. SLEW RATE vs SET CURRENT 


1 101 


FIGURE 10. NANOPOWER OP AMP (USABLE STANDBY POW- 
ER vs PROGRAMMING RESISTOR Regex) 


The CA3440 is pin compatible with the 741 except that pins 
1 and 5 (typical negative nulling pins) must be connected 
either directly to pin 4 or to a negative nulling potentiometer. 
In addition, pin 8, the Ige7 terminal, must be returned to 
either ground or -V via Roger 
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OPERATIONAL 
AMPLIFIERS 


CA3440, CA3440A 


Applications Circuits 


9 OUTPUT 


Rin > 20MQ 

Standby Power = 90n.W 
Gain = 20dB 

BW: 20Hz to 3kHz 

SR = 0.016V/s 


FIGURE 11. HIGH INPUT IMPEDANCE AMPLIFIER 
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12MQ 


4,5 DIODES 
FROM CA3086 


FIGURE 12. MICROPOWER BANDGAP REFERENCE 


— 


SEMICONDUCTOR 


ao 


March 1993 
Features 
¢ High Open Loop Gain at Video Frequencies 
at ss TER Pee he eo eter >40dB at f = 5MHz 


¢ Power Bandwidth of 10MHz; Ac, = 5; Vo = +3.5V 
¢ Slew Rate at Full Load.......... 330V/usec (Ay 2 10) 


¢ fy = 220MHz; Cc = OpF With a Load of 500 II20pFll 1MQ 
(Scope Input) 


© Vout = +4.1V Into 75Q 
e Offset Null Terminals 


Applications 

e Video Line Driver 

e High Frequency Unity Gain Buffer 

e¢ Pulse Amplifier 

¢ High Speed Comparator 

¢ High Frequency Oscillator and Video Amplifiers 


CA3450 


Video Line Driver, 
High Speed Operational Amplifier 


Description 


The CA3450* is a large signal video line driver and high 
speed operational amplifier capable of driving 50Q transmis- 
sion lines and flash A/D’s. The uncompensated unity gain 
crossing occurs at 230MHz without load. It can operate at 
dual or single supplies of +7.25V or 14.5V, respectively. The 
CA3450 can be compensated with a single capacitor net- 
work. It has output drive capability of 75mA SINK or 
SOURCE. The CA3450 is capable of driving Flash A/D’s in 
video or high speed instrumentation (accurate) applications 
with bandwidth up to 10MHz. Offset voltage nulling terminals 
are also available. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
} CAS450E -40°C to +85°C 16 Lead Plastic DIP 


* Formerly Development Type No. TA11371A. 


¢ Driver for A/D’s in Video Applications. .... 10MHz BW 
Pinout Block Diagram 
CA3450 
(PDIP) 


TOP VIEW 


OFFSET NULL | 1| 16] OFFSET NULL 
NC | 2] 5] NC 
- INPUT | 3 | 44] + INPUT 
v- | 4] 43} V- 
v- 15] 42} V- 
Vo [6 11] COMP 
V+ 40] NC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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INPUT CURRENT 
COMPENSATED 


OUTPUT POWER 
DRIVER AND 

OUTPUT POWER 
STAGE 


———” —— 
OFFSET PHASE V- 
NULL COMP 


File Number 1732.2 
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Specifications CA3450 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Between V+ and V- Terminals)............ 14.5V Operating Temperature Range ..........-+.+-+- -40°C to +85°C 

Ditforential Inpul Volisiges oc4 bb... 2 ce ccc cen esccerees 5V__ Storage Temperature Range...........-+..+0e- -65°C to +150°C 

Power Dissipation Thermal Package Characteristics (°C/W) O5a 8c 
0 10. 400i OLS Bea bes oie a OWA SE » anes ss 1.5W Plastic DIP Package .............+-- 60 12 
PUR Ais metic cirri ees Derate Linearly 16.6mW/°C 

eis a) ys GaSe er eg aera s dare ene e 9 Se 100mA 

Junction Temperature (Plastic Package) ..........++.+. +150°C 

Lead Temperature (Soldering 10 Sec.)..........22ee0es +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications At T, = +25°C, Cc = 5pF, V+, V- = 6V (Note 1) 


PARAMETERS SYMBOL TEST CONDITIONS 


= +25°C 
= -40°C to +85°C 


LIMITS 


E 


= 
< 


>! 
ne 


Input Offset Voltage IVio! 


3 
< 


| 


>" 
il 
of 
ine) 
ol 
[?] 
Oo 


Input Bias current 
Input Offset Current 
Open Loop DC Gain 


nA 
Vout = +25V -40°C to +85°C 
70 


Power Supply Rejection Ratio 


CMRR 


Ht 
w 
Sy) 
< 


Sti sty c 
1 
no 11% 
< 

| oH 

e3 | © 


Common Mode Rejection Ratio 


< 

5 

By 
+ 


= -40°C to +85°C 

= +25°C 

= -40°C to +85°C 
Ta = +25°C 


Common Mode Input Range Vicr 


r 
BS) 
a 
it 
=) 
2) 
4 
Nm 
a 
o 
j 


+3.7 


Supply Current + 


Pll tslele bile 


-3dB Bandwidth 
Ay = 1 (See Figure 8) 


No Load 
Ry = 1MQII20pF 
R, = 50Q1I20pF 
No Load 
R, = 20pFiliMQ 
R, = 50Q1120pF 
No Load 


Co = 5pF 


Bandwidth (Unity Gain Cross- 
ing) 

Ay = Open Loop 

Co = 0 (See Figure 7) 
Bandwidth (Unity Gain Cross- 
ing) 

Ay = 10, Cg = OpF 

Rreedback = 4502 

Rein 3- Gq = 50Q (See Figure 8) 


me 
N 


i) 


175 
1MII20pF 
50Q111Mll20pF 170 


Ay =1 Re = 50Q1/20pF 
Co = SF 


Ay 210, Co = OpF, Ry, = S0/I20pF 
2V Step Ay = -1, Co = 5pF, 0.1%, 10 Bits 


ae 


_ 
© 
© 


Transient Response, Overshoot %o 


(See Figure 14) 


es 


Settling Time (See Figure 9) 


s/s 
bb 


Slew Rate ( See Figures 8, 15) 


S$ 
b 


S 
b 
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Specifications CA3450 


Electrical Specifications At T, = +25°C, C, = 5pF, V+, V- = 6V (Note 1) (Continued) 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | 


Power Bandwith er 


MS le Pa ee 
out = +. 
NoLoed gs a ae 


R, = 50Q1120pF 
See Figure 12 


rie! Base Pecos 
ss aaa 
enacts pease 
Re OC A eee 
a mae 
Bela ones 
—— pares 
wee Netbeodes 
pe ese 


Output Voltage Swing into 75Q 


input Capacitance ee 
Input Resistance ee ee 
Output Resistance See Figure 5, Ay = 1, 30MHz 


NOTE: 
1. All tests are performed with +6V at the supply terminals. 


a 


Schematic Diagram 


OPERATIONAL 
AMPLIFIERS 


FREQUENCY 
COMPENSATION V+ V+ 


ttl ELL 


Q19 
D4 
R7 
R5 D5 C6 é 
D6 
ug Re (6) OUTPUT 
30 
e Do 
a cae 
INVERTING 
INPUT FREQUENCY 

COMPEN- 
SATION 

Q38 

zi ; 
wi D7 feeee w a ee ae Le Ls ry rm Q37 
C7 
R12< R13 R14 R15 R16 R17 R18 R19 R20 R21 R22 
250 860 860 E 130 860 E 500 200 100 170 270 250 
ao 


(16) ( )4,5, 12,13 
v 


~ 
A 


RB 
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CA3450 


Metallization Mask Layout 


60 70 


60 -— 
55° Shag to Ri = 50Q, Il 20pF -85 
50 Se Cc = OpF, Ta = +25°C -100 

ee Ss] SUPPLY VOLTAGE = #6V] 145 = 

eS >. z wy 

co : ; | was 5 

z 160 O 

< Hay iat 4 

o ) 

8 z 

= a 
=z 

i < 

co) a 

1 10 100 1000 
FREQUENCY (MHz) 
FIGURE 1. BODE PLOT FOR THE CA3450 
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NAY z 

3 
FREQUENCY (MHz) 
FIGURE 3. CLOSED LOOP GAIN AND PHASE vs FREQUENCY 
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Dimensions in parenthesis are in millimeters and are derived 
from the basic inch dimensions as indicated. Grid graduations 
are in mils (10° inch). 


The photographs and dimensions of each CMOS chip represent 
a chip when it is part of the wafer. When the wafer is cut into 
chips, the angle of cleavage may vary with respect to the chip 
face for different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of -3mils to +6mils 
applicable to the nominal dimensions shown. 


aN 
HC \' 
TU ccmser | {TTT I 


PHASE (DEGREES) 


“SSI | 
ei 


CLOSED LOOP GAIN (dB) 


piacoence (MHz) 


FIGURE 2. CLOSED LOOP GAIN AND PHASE vs FREQUENCY 
(Ay = 1) 


Be ES aaa 


EQUIVALENT INPUT NOISE VOLTAGE (nVA/Hz) 


FIGURE 4. EQUIVALENT INPUT NOISE vs FREQUENCY 


CA3450 


Typical Performance Curves (Continued) 


Ry = 6602 Il 20pF = 
C <" = 75Q Il 20pF a 
@ = = 
WwW S 
3) z ee 
~ > 
< ow 
5 ea 
i 2 ei 
: 8 
2 ie 
E - Be 
3 L = 
~= 
SB S8t eee ee ell it 
1 10 100 200 1 10 100 300 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 5. OUTPUT RESISTANCE vs FREQUENCY FIGURE 6. OUTPUT VOLTAGE vs FREQUENCY 
0 
zc 
O Wl 
* i 
1 oy q 5 
+ ca 
0.1 pF ZF. Be Sl (TANT.) Wd = 
= < 
=: eee re) 


Swaaanwananaaaaewe 


All 0.1.F and 0.001yF supply decoupling capacitors 
are multilayer ceramic chip types. 


* A 109, '/,W supply decoupling resistor is shown in all application 

circuits of this device. The resistor serves two purposes. First it 

820pF SILVER MICA. provides a means of decoupling the IC directly at its terminal without 

introducing additional supply resonance due to parallel connected 

capacitors. Second, it also provides protection for the device in event 
of a sustained short circuit applied directly to the output terminals. 


MULTILAYER 0.1yF 
CERAMIC CHIP i ee OR EQUIV. 


FIGURE 7. OPEN LOOP GAIN vs FREQUENCY TEST CIRCUIT 
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CA3450 


- > +6V 
bs ald (TANT.) 


> -6V 
4.7,F (TANT.) 


45 
FOR Ay =10(3) (6 ) 


502 


Cco=0pF = 


BITS 


SIMULATED 


50 


TWO 
> TRANSMISSION 
LINE 


SETTLING TIME TO +'/oLSB (ns) 
na RESISTORS FIGURE 10. ACCURACY IN BITS AS AFUNCTION OF SETTLING 


1% 
TIME 
CERAMIC CHIP iy 


us = ¢ 
MEASUREMENT 
POINT 


82.502 


3 (10) (15) 0.5kQ 10kQ 0.5kQ 
2-HP-5082-2835 
DIODES 
— \- 
FIGURE 9. CIRCUIT USED TO MEASURE SETTLING TIME FIGURE 11. NULLING CIRCUIT FOR THE CA3450 
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CA3450 


MODULATED 
STAIRCASE S47 
INPUT SIGNAL Te™ 


SHIELDED CABLE 


—— TEKTRONIX 520A 
™ NTSC VECTORSCOPE 


FIGURE 12. CONFIGURATION USED TO MEASURE DIFFERENTIAL GAIN AND PHASE 
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+8V re 
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0.001 uF 
75Q, 1V ) i 
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VIDEO INPUT o ® (8) 
75Q 10Q 
=— . = oF ws) © FLASH A/D 
o) 390Q Le. sani 
(3) (12) 
(4)} | G3) 
(s) 
102 7502 110Q 
AY 0.1 pF = 


OV TO -10V OFFSET 
SOURCE, Rg <102 


FIGURE 13. TYPICAL HIGH BANDWIDTH X5 AMPLIFIER FOR DRIVING THE CA3318 FLASH A/D 
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CA3450 


Transient Response Waveforms 
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FIGURE 14. TRANSIENT RESPONSE WAVEFORM FIGURE 15. SLEW RATE WAVEFORM 
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CA5130 


BiMOS Microprocessor Operational Amplifier 
with MOSFET Input/CMOS Output 


GD 


March 1993 
Features Description 
¢ MOSFET Input Stage CA5130A and CA5130 are integrated circuit operational 
- Very High Z,............. 1.5TQ (1.5x 10'2Q)Typ. amplifiers that combine the advantage of both CMOS and 
~ Very Lowl,........-+.- 5pA Typ. at 15V Operation bipolar transistors on a monolithic chip. They are designed 


2pA Typ. at 5V Operation 
ideal for Single Supply Applications 
e Common Mode Input Voltage Range Includes Nega- 
tive Supply Rail; Input Terminals Can Be Swung 0.5V 
Below Negative Supply Rail 
CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 
CA5130A, CA5130 Have Full Military Temperature 
Range Guaranteed Specifications for V+ = 5V 


e CA5130A, CA5130 Are Guaranteed to Operate Down capable of swinging the output voltage to within 10mV of z ”) 
to V+ = 4.5V for Ao, either supply voltage terminal (at very high values of load rs m7 

¢ CA5130A, CA5130 Are Guaranteed to Operate at +7.5v impedance), is employed as the output circuit. E “= 
CA3130A, CA3130 Specifications The CA5130 Series circuits operate at supply voltages rang- f S 
ing from 4V to 16V, or t2V to t8V when using split supplies. 5 < 


Applications 

e Ground Referenced Single Supply Amplifiers 
e¢ Fast Sample-Hold Amplifiers 

e Long Duration Timers/Monostables 


e High Input Impedance Comparators (Ideal Interface 
with Digital CMOS) 


High Input Impedance Wideband Amplifiers 


Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 


Voltage Regulators (Permits Control of Output Voltage 
Down to Zero Volts) 


e Peak Detectors 

e Single Supply Full Wave Precision Rectifiers 
¢ Photo Diode Sensor Amplifiers 

5V Logic Systems 

Microprocessor Interface 


and guaranteed to operate in microprocessors or logic sys- 
tems that use +5V supplies. 


Gate protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input imped- 
ance, very low input current, and exceptional speed perfor- 
mance. The use of PMOS field effect transistors in the input 
stage results in common mode input voltage capability down 
to 0.5V below the negative supply terminal, an important 
attribute in single supply applications. 


A complementary symmetry MOS (CMOS) transistor-pair, 


They can be phase compensated with a single external 
capacitor, and have terminals for adjustment of offset voltage 
for applications requiring offset null capability. Terminal pro- 
visions are also made to permit strobing of the output stage. 


The CA5130A, CA5130 have guaranteed specifications for 
5V operation over the full military temperature range of 
-55°C to +125°C. 


Ordering Information 


[pants | _TeWP.RANGE | PACKAGE 


Pinouts 
CA5130 (PDIP, SOIC) CA5130 (TO-5 CAN) 
TOP VIEW TOP VIEW 
PHASE TAB 
OFFSET NULL |1 | 8 | STROBE Sa eee 
v. 
INV. INPUT 7 iar a OFFSET -. + 
NON-INV. INPUT | 3 6 | ouTPUT air ana S OUTPUT 
y- | 4 | |S | OFFSET NULL 
NON-INV. INPUT (3) G) (5) OFFSET NULL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications CA5130, CA5130A 


Absolute Maximum Ratings 


DC Supply Voltage (Between V* And V Terminals).......... 16V 
Differential Input Voltage... 2.2... eee eee ccc ee eens 8V 
TGS BOLI IN ao 5 5 oho eas bs cm, min mms (V* +8 V) to (V -0.5V) 
INDUL TSTTUMGl CANTON aie oe ccs OW ees CECENE ec es 1mA 
Output Short-Circuit Duration ............ 2. cee ee eee Indefinite 
BUCONE TRATIONS 6 5 oii koe 0 vc cu dca ccc uneee ee 0a +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


* Short circuit may be applied to ground or to either supply. 


Operating Conditions 


Operating Temperature Range (All Types) ....... -55°C to +125°C 
Storage Temperature Range (All Types)......... -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 1, = +25°C, V+ = 5V, V- = OV (Unless Otherwise Specified) 


PARAMETERS 


Input Offset Voltage Teh 
Input Current pesto 


Common Mode Rejection Ratio | CMRR | Voy =0V to 1V 
Vom = = OV to ea 5V 


na ee Se 
ne pinscher 
Power Supply Rejection Ratio = 1V; A-=1V 


Large Signal Voltage Gain Vo = 0.1V to 4.1V 
Ri. = co 
Vo = 0.1V to 3.6V 
Ry = 10kQ 


(Note 1) 


Output Voltage 


Vom+ 


NOTE: 


1. For V+ = 4.5V and V- = Gnd; Voyz = 0.5V to 3.2V at R, = 10ka 
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bh 
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UNITS 
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e 3 
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Specifications CA5130, CA5130A 


Electrical Specifications 1, = -55°C to +125°C, V+ = 5V, V- = OV (Unless Otherwise Specified) 


LIMITS 
PARAMETERS in 
[input Offset Voltage | Vio__ {Vo 
| to {Yo 
Eb ~1Ng 


UNITS 


= 
< 


Input |input Offset Voltage Voltage 


Common Mode Rejection Ratio | CMRR 

= == fice 
Input Common Mode Voltage 727 a 
dusiaa oe ee 


Power Supply Rejection Ratio PSRA A+ = 1V; A- = 1V 70 
Large Signal Voltage Gain Ao. Vo = 0.1V to 4.1V 94 
(Note 1) Ry =°° 

Vo = 0.1V to 3.6V 

= 10kQ 


Source Current =0V 
Sink Curent a Co 


Output Voltage Vout 


- 
ale] | |s{els}=/e|-[2/-]3 


© 
© 
on 
- 
S 
So 
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Schematic Diagram 
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Circuit Description 


The input terminals shown in the block diagram of the 
CA5130 Series CMOS Operational Amplifiers may be oper- 
ated down to 0.5V below the negative supply rail, and the 
output can be swung very close to either supply rail in many 
applications. Consequently, the CA5130 Series circuits are 
ideal for single supply operation. Three Class A amplifier 
stages, having the individual gain capability and current con- 
sumption shown in the Block Diagram, provide the total gain 
of the CA5130. A biasing circuit provides two potentials for 
common use in the first and second stages. Term. 8 can be 
used both for phase compensation and to strobe the output 
stage into quiescence. When Term. 8 is tied to the negative 
supply rail (Term. 4) by mechanical or electrical means, the 
output potential at Term. 6 essentially rises to the positive 
supply rail potential at Term. 7. This condition of essentially 
zero current drain in the output stage under the strobed 
“OFF” condition can only be achieved when the ohmic load 
resistance presented to the amplifier is very high (e.g., when 
the amplifier output is used to drive CMOS digital circuits in 
comparator applications). 


Input Stages 


The circuit of the CA5130 is shown in the Schematic 
Diagram. It consists of a differential input stage using PMOS 
field-effect transistors (Q6, Q7) working into a mirror pair of 
bipolar transistors (Q9, Q10) functioning as load resistors 
together with resistors R3 through R6. The mirror pair 
transistors also function as a differential-to-single-ended 
converter to provide base drive to the second stage bipolar 
transistor (Q11). Offset nulling, when desired, can be 
effected by connecting a 100,000Q potentiometer across 
Terms. 1 and 5 and the potentiometer slider arm to Term. 4. 
Cascode connected PMOS transistors Q2, Q4 are the 
constant current source for the input stage. The biasing 
circuit for the constant. current source is subsequently 
described. The small diodes D5 through D8 provide gate 
oxide protection against high voltage transients, e.g., 
including static electricity during handling for Q6 and Q7. 


Second Stage 


Most of the voltage gain in the CA5130 is provided by the 
second amplifier stage, consisting of bipolar transistor Q11 
and its cascode connected load resistance provided by 
PMOS transistors Q3 and Q5. The source of bias potentials 
for these PMOS transistors is subsequently described. 
Miller-Effect compensation (roll-off) is accomplished by sim- 


ply connecting a small capacitor between Terms. 1 and 8. A 
47pF capacitor provides sufficient compensation for stable 
unity gain operation in most applications. 


Bias Source Circuit 


At total supply voltages, somewhat above 8.3V, resistor R2 
and zener diode Z1 serve to establish a voltage of 8.3V 
across the series connected circuit, consisting of resistor R1, 
diodes D1 through D4, and PMOS transistor Q1. A tap at the 
junction of resistor R1 and diode D4 provides a gate bias 
potential of about 4.5V for PMOS transistors Q4 and Q5 with 
respect to Term. 7. A potential of about 2.2V is developed 
across diode connected PMOS transistor Q1 with respect to 
Term. 7 to provide gate bias for PMOS transistors Q2 and 
Q3. It should be noted that Q1 is “mirror connected” to both 
Q2 and Q3. Since transistors Q1, Q2, Q3 are designed to be 
identical, the approximately 200A current in Q1 establishes 
a similar current in Q2 and Q3 as constant current sources 
for both the first and second amplifier stages, respectively. 


At total supply voltages somewhat less than 8.3V, zener 
diode Z1 becomes nonconductive and the potential, 
developed across series connected R1, D1-D4, and Q1, 
varies directly with variations in supply _ voltage. 
Consequently, the gate bias for Q4, Q5 and Q2, Q3 varies in 
accordance with supply voltage variations. This variation 
results in deterioration of the power supply rejection ratio 
(PSRR) at total supply voltages below 8.3V. Operation at 
total supply voltages below about 4.5V results in seriously 
degraded performance. 


Output Stage 


The output stage consists of a drain loaded inverting 
amplifier using CMOS transistors operating in the Class A 
mode. When operating into very high resistance load, the 
output can be swung within mV of either supply rail. Because 
the output stage is a drain loaded amplifier, its gain is 
dependent upon the load impedance. The _ transfer 
characteristics of the output stage for a load returned to the 
negative supply rail are shown in Figure 3. Typical op amp 
loads are readily driven by the output stage. Because large 
signal excursions are nonlinear, requiring feedback for good 
waveform reproduction, transient delays may be 
encountered. As a voltage follower, the amplifier can achieve 
0.01 percent accuracy levels, including the negative supply 
rail. 
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Typical Performance Curves 
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FIGURE 2. OPEN LOOP GAIN vs TEMPERATURE 
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FIGURE 4. QUIESCENT SUPPLY CURRENT vs SUPPLY 
VOLTAGE 
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Typical Performance Curves (Continued) 


——— 
| ee 


— 


OUTPUT VOLTAGE SWING (V) 
> 


1 Be Qe 2 i Fee Oe AGS. 14 
LOAD RESISTANCE (kQ) 
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FIGURE 9. OUTPUT CURRENT vs TEMPERATURE 
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FIGURE 11. VOLTAGE ACROSS NMOS OUTPUT TRANSISTOR 
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FIGURE 8. OUTPUT SWING vs LOAD RESISTANCE 
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Typical Performance Curves (Continued) 
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Input Current Variation with Common Mode Input Voltage 


As shown in the Table of Electrical Characteristics, the input 
current for the CA5130 Series Op Amps is typically 5pA at Ts 
= +25°C when terminals 2 and 3 are at a common mode 
potential of +7.5V with respect to negative supply Terminal 4. 
Figure 12 contains data showing the variation of input current 
as a function of common mode input voltage at Ts = +25°C. 
This data shows that circuit designers can advantageously 
exploit these characteristics to design circuits which typically 
require an input current of less than 1pA, provided the com- 
mon mode input voltage does not exceed 2V. As previously 
noted, the input current is essentially the result of the leakage 
current through the gate protection diodes in the input circuit 
and, therefore, a function of the applied voltage. Although the 
finite resistance of the glass terminal-to-case insulator of the 
TO-5 package also contributes an increment of leakage cur- 
rent, there are useful compensating factors. Because the gate 
protection network functions as if it is connected to Terminal 4 
potential, and the TO-5 case of the CA5130 is also internally 
tied to Terminal 4, input terminal 3 is essentially “guarded” 
from spurious leakage currents. 


Offset Nulling 


Offset voltage nulling is usually accomplished with a 100,000Q 
potentiometer connected across Terms. 1 and 5 and with the 
potentiometer slider arm connected to Term. 4. A fine offset null 
adjustment usually can be effected with the slider arm posi- 
tioned in the midpoint of the potentiometer's total range. 


Input Current Variation with Temperature 


The input current of the CA5130 Series circuits is typically 
SpA at +25°C. The maior portion of this input current is due to 
leakage current through the gate protective diodes in the input 
circuit. As with any semiconductor junction device, including 
op amps with a junction FET input stage, the leakage current 
approximately doubles for every +10°C increase in tempera- 
ture. Figure 13 provides data on the typical variation of input 
bias current as a function of temperature in the CA5130. 


In applications requiring the lowest practical input current 
and incremental increases in current because of “warm-up” 
effects, it is suggested that an appropriate heat sink be used 
with the CA5130. In addition, when “sinking” or “sourcing” 
significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, heat- 
sinking can also very markedly reduce and stabilize input 
Current variations. 


Input Offset Voltage (Vio) Variation with DC Bias vs. 
Device Operating Life 


It is well known that the characteristics of a MOS/FET device 
can change slightly when a dc gate source bias potential is 
applied to the device for extended time periods. The magni- 
tude of the change is increased at high temperatures. Users 
of the CA5130 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper- 
ation at high temperatures with a significant differential dc 
bias voltage applied across Terms. 2 and 3. Figure 14 shows 
typical data pertinent to shifts in offset voltage encountered 
with CA5130 devices (TO-5 package) during life testing. At 
lower temperatures (TO-5 and plastic), for example at 
+85°C, this change in voltage is considerably less. In typical 
linear applications where the differential voltage is small and 
symmetrical, these incremental changes are of about the 
same magnitude as those encountered in an operational 
amplifier employing a bipolar transistor input stage. The 2V 
dc differential voltage example represents conditions when 
the amplifier output stage is “toggled”, e.g., as in comparator 
applications. 


Power-Supply Considerations 


Because the CA5130 is very useful in single supply applica- 
tions, it is pertinent to review some considerations relating to 
power supply current consumption under both single and 
dual supply service. Figures 15A and 15B show the CA5130 
connected for both dual and single supply operation. 
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B. SINGLE POWER SUPPLY OPERATION 


FIGURE 15. CA5130 OUTPUT STAGE IN DUAL AND SINGLE 
POWER SUPPLY OPERATION 


Dual supply operation: When the output voltage at Term. 6 
is OV, the currents supplied by the two power supplies are 
equal. When the gate terminals of Q8 and Q12 are driven 
increasingly positive with respect to ground, current flow 
through Q12 (from the negative supply) to the load is 
increased and current flow through Q8 (from the positive 
supply) decreases correspondingly. When the gate terminals 
of Q8 and Q12 are driven increasingly negative with respect 
to ground, current flow through Q8 is increased and current 
flow through Q12 is decreased accordingly. 


Single supply operation: Initially, let it be assumed that the 
value of R, is very high (or disconnected), and that the input 
terminal bias (Terms. 2 and 3) is such that the output terminal 
(No. 6) voltage is at V+/2, i.e., the voltage drops across Q8 and 
Q12 are of equal magnitude. Figure 4 shows typical quiescent 
supply current vs. supply voltage for the CA5130 operated 
under these conditions. Since the output stage is operating as a 
Class A amplifier, the supply current will remain constant under 
dynamic operating conditions as long as the transistors are 
operated in the linear portion of their voltage transfer character- 
istics (see Figure 3). If either Q8 or Q12 are swung out of their 


linear regions toward cutoff (a nonlinear region), there will be a 
corresponding reduction in supply current. In the extreme case, 
e.g., with Term. 8 swung down to ground potential (or tied to 
ground), NMOS transistor Q12 is completely cut off and the 
supply current to series connected transistors Q8, Q12 goes 
essentially to zero. The two preceeding stages in the CA5130, 
however, continue to draw modest supply current (see the 
lower curve in Figure 4) even though the output stage is strobed 
off. Figure 15A shows a dual supply arrangement for the output 
stage that can also be strobed off, assuming R,_ =o, by pulling 
the potential of Term. 8 down to that of Term. 4. 


Let it now be assumed that a load resistance of nominal value 
(e.g., 2kQ) is connected between Term. 6 and ground in the 
circuit of Figure 15B. Let it further be assumed again that the 
input terminal bias (Terms. 2 and 3) is such that the output ter- 
minal (No. 6) voltage is at V+/2. Since PMOS transistor Q8 
must now supply quiescent current to both R,_ and transistor 
Q12, it should be apparent that under these conditions the 
supply current must increase as an inverse function of the R, 
magnitude. Figure 10 shows the voltage drop across PMOS 
transistor Q8 as a function of load current at several supply 
voltages. Figure 3 shows the voltage transfer characteristics 
of the output stage for several values of load resistance. 


Wideband Noise 


From the standpoint of low noise performance consider- 
ations, the use of the CA5130 is most advantageous in appli- 
cations where the source resistance of the input signal is on 
the order of 1MQ or more. In this case, the total input 
referred noise voltage is typically only 23nV when the test 
circuit amplifier of Figure 16 is operated at a total supply volt- 
age of 15V. This value of total input referred noise remains 
essentially constant, even though the value of source resis- 
tance is raised by an order of magnitude. This characteristic 
is due to the fact that reactance of the input capacitance 
becomes a significant factor in shunting the source resis- 
tance. It should be noted, however, that for values of source 
resistance very much greater than 1MQ, the total noise volt- 
age generated can be dominated by the thermal noise con- 
tributions of both the feedback and source resistors. 


NOISE 
® VOLTAGE 
OUTPUT 


BW (-3dB) = 200kHz 
TOTAL NOISE VOLTAGE (REFERRED 
TO INPUT) = 23,V TYP. 


FIGURE 16. TEST-CIRCUIT AMPLIFIER (30dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENTS 
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Typical Applications 
Voltage Followers 


Operational amplifiers with very high input resistances, like 
the CA5130, are particularly suited to service as voltage 
followers. Figure 17 shows the circuit of a classical voltage 
follower, together with pertinent waveforms using the 
CA5130 in a split supply configuration. 


A voltage follower, operated from a single supply, is shown in 
Figure 18, together with related waveforms. This follower 
circuit is linear over a wide dynamic range, as illustrated by 
the reproduction of the output waveform in Figure 18A with 
input signal ramping. The waveforms in Figure 18B show 
that the follower does not lose its input-to-output phase 
sense, even though the input is being swung 7.5V below 
ground potential. This unique characteristic is an important 
attribute in both operational amplifier and comparator 
applications. Figure 18B also shows the manner in which the 


+7.5V 


BW (-3dB) = 4MHz 


SR = 10V/us 
0.1pF 


4 Sany om 
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A. SMALL SIGNAL RESPONSE (50mV/DIV and 200ns/DIV) 


Top Trace: Output 
Bottom Trace: Input 


CMOS output stage permits the output signal to swing down 
to the negative supply rail potential (i.e., ground in the case 
shown). The digital-to-analog converter (DAC) circuit, 
described in the following section, illustrates the practical 
use of the CA5130 in a single supply voltage follower 
application. 


9 Bit CMOS DAC 


A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Figure 19. This system combines the concepts of 
multiple switch CMOS IC's a low cost ladder network of 
discrete metal-oxide film resistors, a CA5130 op amp 
connected as a follower, and an inexpensive monolithic 
regulator in a simple single power supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 10V logic levels are used in the 
Circuit of Figure 19. 


* “Digital-to-Analog Conversion Using the Harris CD4007A CMOS 
IC”, Application Note ICAN-6080. 


B. INPUT OUTPUT DIFFERENCE SIGNAL SHOWING SETTLING 
TIME (MEASUREMENT MADE WITH TEKTRONIX 7A13 DIF- 
FERENTIAL AMPLIFIER) 


Top Trace: Output Signal (2V/Div and 5ys/Div) 
Center Trace: Difference Signal (SmV/Div and 5ys/Div) 
Bottom Trace: Input Signal (2V/Div and 5ys/Div) 


FIGURE 17. CA5130 SPLIT SUPPLY VOLTAGE FOLLOWER WITH ASSOCIATED WAVEFORMS 
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A. OUTPUT WAVEFORM WITH INPUT SIGNAL RAMPING 
(2V/Div and 500ms/Div) 


0.1pF 
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B. OUTPUT WAVEFORM WITH GROUND REFERENCE SINE 
WAVE INPUT 


Top Trace: Output (5V/Div and 200ps/Div) 
Bottom Trace: Input (5V/Div and 200ys/Div) 


FIGURE 18. SINGLE SUPPLY VOLTAGE FOLLOWER WITH ASSOCIATED WAVEFORMS. (¢.g., FOR USE IN SINGLE SUPPLY D/A CONVERT- 


ER; SEE FIGURE 9 IN ICAN-6080) 


The circuit uses an R/2R voltage ladder network, with the 
output potential obtained directly by terminating the ladder 
arms at either the positive or the negative power supply 
terminal. Each CD4007A contains three “inverters”, each 
“inverter” functioning as a single pole double throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power supply terminal. The resistor ladder is an 
assembly of one percent tolerance metal oxide film resistors. 
The five arms requiring the highest accuracy are assembled 
with series and parallel combinations of 806,000Q resistors 
from the same manufacturing lot. 


A single 15V supply provides a positive bus for the CA5130 
follower amplifier and feeds the CA3085 voltage regulator. A 
“scale adjust” function is provided by the regulator output 
control, set to a nominal 10V level in this system. The line 
voltage regulation (approximately 0.2%) permits a 9 bit 


accuracy to be maintained with variations of several volts in 
the supply. The flexibility afforded by the CMOS building 
blocks simplifies the design of DAC systems tailored to 
particular needs. 


Single Supply, Absolute Value, ideal Full Wave Rectifler 


The absolute value circuit using the CA5130 is shown in 
Figure 20. During positive excursions, the input signal is fed 
through the feedback network directly to the output. Simulta- 
neously, the positive excursion of the input signal also drives 
the output terminal (No. 6) of the inverting amplifier in a 
negative going excursion such that the 1N914 diode effec- 
tively disconnects the amplifier from the signal path. During 
a negative going excursion of the input signal, the CA5130 
functions as a normal inverting amplifier with a gain equal to 
-R2/R1. When the equality of the two equations shown in 
Figure 20 is satisfied, the full wave output is symmetrical. 
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Peak Detectors 


Peak detector circuits are easily implemented with the 
CA5130, as illustrated in Figure 21 for both the peak positive 
and the peak negative circuit. It should be noted that with 
large signal inputs, the bandwidth of the peak negative 
circuit is much less than that of the peak positive circuit. The 
second stage of the CA5130 limits the bandwidth in this 
case. Negative going output signal excursion requires a 
positive going signal excursion at the collector of transistor 
Q11, which is loaded by the intrinsic capacitance of the 
associated circuitry in this mode. On the other hand, during 
a negative going signal excursion at the collector of Q11, the 
transistor functions in active “pull down” mode so that the 
intrinsic capacitance can be discharged more expeditiously. 


Error Amplifier In Regulated Power Supplies 


The CA5130 is an ideal choice for error amplifier service in 
regulated power supplies since it can function as an error 
amplifier when the regulated output voltage is required to 
approach Zero. Figure 22 shows the schematic diagram of a 
40mA power supply capable of providing regulated output 
voltage by continuous adjustment over the range from OV to 
13V. Q3 and Q4 in IC2 (a CA3066 transistor array IC) 
function as zeners to provide supply voltage for the CA5130 
comparator (IC 1). Q1, Q2, and Q5 in IC2 are configured as a 
low impedance, temperature compensated source of 
adjustable reference voltage for the error amplifier. 


Transistors Q1, Q2, Q3, and Q4 in IC3 (another CA3086 
transistor array IC) are connected in parallel as the series 
pass element. Transistor Q5 in IC3 functions as a current 
limiting device by diverting base drive from the series pass 
transistors, in accordance with the adjustment of resistor R2. 


Figure 23 contains the schematic diagram of a regulated 
power supply capable of providing regulated output voltage 
by continuous adjustment over the range from 0.1V to 50V 
and currents up to 1A. The error amplifier (IC1) and circuitry 
associated with IC2 function as previously described, 
although the output of IC1 is boosted by a discrete transistor 
(Q4) to provide adequate base drive for the Darlington 
connected series pass transistors Q1, Q2. Transistor Q3 
functions in the previously described current limiting circuit. 


Multivibrators 


The exceptionally high input resistance presented by the 
CA5130 is an attractive feature for multivibrator circuit 
design because it permits the use of timing circuits with high 
R/C ratios. The circuit diagram of a pulse generator (astable 
multivibrator), with provisions for independent control of the 
“on” and “off” periods, is shown in Figure 24. Resistors R1 
and R2 are used to bias the CA5130 to the midpoint of the 


supply voltage and R3 is the feedback resistor. The pulse 
repetition rate is selected by positioning S1 to the desired 
position and the rate remains essentially constant when the 
resistors which determine “on period” and “off period” are 
adjusted. 


Function Generator 


Figure 25 contains a schematic diagram of a function gener- 
ator using the CA5130 in the integrator and threshold 
detector functions. This circuit generates a triangular or 
Square wave output that can be swept over a 1,000,000:1 
range (0.1Hz to 100kHz) by means of a single control, R1. A 
voltage control input is also available for remote sweep 
control. 


The heart of the frequency determining system is an opera- 
tional transconductance amplifier (OTA)*, IC1, operated as a 
voltage controlled current source. The output, Io, is a current 
applied directly to the integrating capacitor, C1, in the feed- 
back loop of the integrator IC2, using a CA5130, to provide 
the triangular wave output. Potentiometer R2 is used to 
adjust the circuit for slope symmetry of positive going and 
negative going signal excursions. 


Another CA5130, IC3, is used as a controlled switch to set 
the excursion limits of the triangular output from the integra- 
tor circuit. Capacitor C2 is a “peaking adjustment” to 
optimize the high frequency square wave performance of the 
Circuit. 


Potentiometer R3 is adjustable to perfect the “amplitude 
symmetry” of the square wave output signals. Output from 
the threshold detector is fed back via resistor R4 to the input 
of IC1 so as to toggle the current source from plus to minus 
in generating the linear triangular wave. 


* See File No. 475 and ICAN-6668. 
Operation with Output Stage Power-Booster 


The current sourcing and sinking capability of the CA5130 
output stage is easily supplemented to provide power boost 
capability. In the circuit of Figure 26, three CMOS transistor 
pairs in a single CA3600E* IC array are shown parallel 
connected with the output stage in the CA5130. In the Class 
A mode of CA3600E shown, a typical device consumes 
20mA of supply current at 15V operation. This arrangement 
boosts the current handling capability of the CA5130 output 
stage by about 2.5X. 


The amplifier circuit in Figure 26 employs feedback to estab- 
lish a closed-loop gain of 48dB. The typical large signal 
bandwidth (-3dB) is 50kHz. 


* See File No. 619 for technical information. 
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10V LOGIC INPUTS 
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; REQUIRED 
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FIGURE 19. 9 BIT DAC USING CMOS DIGITAL SWITCHES AND CA5130 


oe ee 

g = Ry ( ace ) Top Trace: Output Signal (2V/Div) 

ree. oe He Bottom Trace: Input Signal (10V/Div) 
aka Fy Time base on both traces: 0.2ms/Div 


0.75 
g = 4kA(E) = 6a 


20Vp-p Input: BW(-3dB) = 230kHz, DC Output (Avg.) = 3.2V 
1Vp-p Input: BW(-3dB) = 130kHz, DC Output (Avg.) = 160mV 


FIGURE 20. SINGLE SUPPLY, ABSOLUTE VALUE, IDEAL FULL WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS 
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6Vp.p INPUT; 6Vp.p INPUT; 
BW(-3dB) = 1.3MHz BW(-3dB) = 360kHz 
0.3 Vp.p INPUT; 0.3 Vp.p INPUT; 
BW(-3dB) = 240kHz BW(-3dB) = 320kHz 
+DC -DC 


A. PEAK POSITIVE DETECTOR CIRCUIT 


B. PEAK NEGATIVE DETECTOR CIRCUIT 
FIGURE 21. PEAK-DETECTOR CIRCUITS 
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HUM AND NOISE OUTPUT: < 25uV UP TO 100kHz 


FIGURE 22. VOLTAGE REGULATOR CIRCUIT (0 TO 13V AT 40mA) 
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REGULATION (NO LOAD TO FULL LOAD): < 0.005% 


VOLTAGE 
ADJUST 
INPUT REGULATION: 0.01%/V 


HUM AND NOISE OUTPUT: < 250n.V RMS UP TO 100kHz 


FIGURE 23. VOLTAGE REGULATOR CIRCUIT (0.1 TO 50V AT 1A) 
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FIGURE 24. PULSE GENERATOR (ASTABLE MULTIVIBRATOR) WITH PROVISIONS FOR INDEPENDENT CONTROL OF “ON” AND 
“OFF” PERIODS. 
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* SEE FILE NUMBER 475 AND AN6668 
FOR TECHNICAL INFORMATION 


FIGURE 25. FUNCTION GENERATOR (FREQUENCY CAN BE VARIED 1,000,000/1 WITH A SINGLE CONTROL) 
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FIGURE 26. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA5130 
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with MOSFET Input/CMOS Output 


tH 


March 1993 
Features Description 
e MOSFET Input Stage CA5160A and CA5160 are integrated circuit operational amplifi- 


- Very High Z,; 1.5TQ (1.5 x 10'2Q) Typ. 
- Very Low |; 5pA Typ. at 15V Operation 

2pA Typ. at 5V Operation 
Common-Mode Input Voltage Range Includes Nega- 


tive Supply Rail; Input Terminals Can be Swung 0.5V 
Below Negative Supply Rail 


CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 


CA5160A, CA5160 Have Fill Military Temperature 
Range Guaranteed Specifications for V+ = 5V 


CA5160A, CA5160 Are Guaranteed to Operate Down 
to 4.5V for Ap, 


CA5160A, CA5160 Are Guaranteed Up to +7.5V 


Applications 


Ground Referenced Single Supply Amplifiers 
Fast Sample-Hold Amplifiers 

Long Duration Timers/Monostables 

ideal Interface With Digital CMOS 

High Input Impedance Wideband Amplifiers 


Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 


Wien-Bridge Oscillators 
Voltage Controlled Oscillators 
Photo Diode Sensor Amplifiers 
5V Logic Systems 
Microprocessor Interface 


ers that combine the advantage of both CMOS and bipolar tran- 
sistors on a monolithic chip. The CA5160 series circuits are 
frequency compensated versions of the popular CA5130 series. 
They are designed and guaranteed to operate in microprocessor 
or logic systems that use +5V supplies. 


Gate-protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input impedance, 
very low input current, and exceptional speed performance. The 
use of PMOS field effect transistors in the input stage results in 
common-mode input voltage capability down to 0.5V below the 
negative supply terminal, an important attribute in single supply 
applications. 


A complementary symmetry MOS (CMOS) transistor pair, capa- 
ble of swinging the output voltage to within 10mV of either supply 
voltage terminal (at very high values of load impedance), is 
employed as the output circuit. 


The CA5160 Series circuits operate at supply voltages ranging 
from +5V to +16V, or +2.5V to +8V when using split supplies, and 
have terminals for adjustment of offset voltage for applications 
requiring offset-null capability. Terminal provisions are also made 
to permit strobing of the output stage. They have guaranteed 
specifications for 5V operation over the full military temperature 
range of -55°C to +125°C. 


Ordering Information 


"PARTNUMBER | TEMP. RANGE | PACKAGE 


Pinouts 
CA5160A, CA5160 (CAN) CA5160A, CA5160 (PDIP, SOIC) 
TOP VIEW TOP VIEW 
SUPPLEMENTARY _—— TAB 
COMPENSATION jie she one 
OFFSET NULL STROBE 
OFFSET NULL (1) 
INV. INPUT 7 | V+ 
INV. INPUT (2) > OUTPUT ae Be 
NON INV. INPUT OUTPUT 
NON INV. INPUT (3) ® (5) OFFSET NULL v- [4 OFFSET NULL 


V- AND CASE 


CA5160 Series devices have an on-chip frequency compensation network. Supplementary phase-compensation or frequency roll-off (if desired) can be con- 
nected externally between terminals 1 and 8. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications CA5160A, CA5160 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Operating Temperature Range ................ -55°C to +125°C 
(Between V+ and V- Terminals) ...............00cccceeee 16V Storage Temperature Range...............00. -65°C to +150°C 
Differential Input Voltage... 6.0.0... . 2 cee cece ccc e cence cece 8V Output Short Circuit Duration (Note 1).............06. Indefinite 
DC input Voll|age 2. Bee ie. ci cc dees (V+ +8V) to (V- -0.5V) 

Input Current. .... ie wane do 4 Sawada eae eee Pk ee ob 1mA 

Output Short Circuit Duration (Note 2)................ Indefinite 

MMNGUONY TRNTIIMTLNG so ogg oc oe cas ob eles cease dec®o.. +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)................- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C, V+ = 5V, V- = OV, Unless Otherwise Specified 


PARAMETERS SYMBOL UNITS 


TEST 
Input Offset Voltage 


CONDITIONS 
Input Offset Current 
Input Current 


Common Mode Rejection Ratio 


3 
< 


= 2.5V 
Vo aes 2.5 V 


CMRR Vom =0to1V 
Vom = 0 to 2.5V 


Vicr- 


psn [aves iviave i 


Ao 


Common Mode Input Voltage 
Range 


= 
o4) 
ie 
N 
= 
So 
2 
oO 


BOR ME QRARHHEE 


Power Supply Rejection Ratio 


Large Signal Voltage Gain 
(Note 1) 


Vo = 0.1 to 4.1V 


Vo = 0.1 to 3.6V 


R, = 0° 


Sink Current tom = 


Maximum Output Voltage Vout 


Vomt 


= 10kQ 


= 2kQ 


Bs) 
= 
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Electrical Specifications T, = +25°C, V+ = 5V, V- = OV, Unless Otherwise Specified (Continued) 
TEST 


PARAMETERS SYMBOL CONDITIONS 


Cea 

ian [oe [wae | wn ws 

Supply Curent a eee eo eee 
[lawew [vo=2sv | = | ao | oo | - 

NOTE: 

1. For V+ = 4.5V and V- = GND; Voyz = 0.5V to 3.2V at Ry = 10kQ 


as Short circuit may be applied to ground or to either supply. 


Electrical Specifications —T, = -55°C to +125°C, V+ = 5V, V- = OV, Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL 


Y 
Input Offset Current co ee 
Input Current cue ee 


Common Mode Rejection Ratio 


TEST 
CONDITIONS 


Vo = 2.5V 
Vo =2.5V 
Vo = 2:5V 


i © 


CMRR Vom =0to 1V 
Vom = 0 to 2.5V 


N“N 


Common Mode Input Voltage 
Range 


Power Supply Rejection Ratio 


Large Signal Voltage Gain 
(Note 1) 


i ee 


Vicr™ 


- = 
oO 


Vio 
Ao 
R,= oo 
co 


Vo = 0.1 to 4.1V 


~J 
on 


Vo = 0.1 to 3.6V 


See free 


Vout 
R, = 
R pe 
Ss 


Maximum Output Voltage 


> 
c 


-~ 
i<e) 
ve) 


Vomt 


> 
1%) 


clelelelel> Lf [els [ele ls |+]|-l2]-]a 
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Electrical Specifications 1, = -55°C to +125°C, V+ = 5V, V- = OV, Unless Otherwise Specified(Continued) 


LIMITS 
CA5160A 
PARAMETERS SYMBOL CONDITIONS 


Supply Current 
Vo = OV ISUPPLY 

am 
NOTE: 


1. For V+ = 4.5V and V- = GND; Voy = 0.5V to 3.2V at Ry = 10kQ. 


Electrical Specifications —T, = +25°C, V+ = 15V, V- = OV, Unless Otherwise Specified 


} LIMITS 
PARAMETERS SYMBOL 


CA5160A 
input Offset Voltage 


Input Offset Current 
Input Current 


Large Signal Voltage Gain 


TEST 
CONDITIONS 


| 
< 


slatels 


Vio 
L 


Ao kV/V 


Common Mode Rejection Ratio CMRR ne 

Common Mode Input Voltage Vicor 

Range 

Power Supply Rejection Ratio AV+= 1V; AV-=1V 
Vt = +7.5V 


Maximum Output Voltage Vout 
Vomt 2kQ 
co 


pV/V 


ee eee 


R, = 

a 
a e 
ee ce 
Re a 


Maximum Output Current 


94 
70 
10 

2 


1 


ane Be 


lout (Source) 


lom (Sink) 


en ea vouse Tone ow] [ever 


Supply Current 


pVPC 


Belslel® Pach]: 
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Typical Values Intended Only for Design Guidance T, = +25°C, V+ = +7.5V, V- =-7.5V (Unless Otherwise Specified) 


a eee 
PARAMETERS SYMBOL CONDITIONS | TYP | UNITS 
oe. 
ace: 


na? | 
Inga Ofc vatageAdusimentRarge] | Ou Acoss Tomas dandoreands[ 22 
ee 
Equivalent Input Noise Voltage 

= 


Co = 25pF, Ry = 2kQ 
(Voltage Follower) 
Co = 25pF, Ry = 2kQ 1.8 us 
(Voltage Follower) 


Equivalent Input Noise Voltage 


Unity Gain Crossover Frequency 


Transient Response 


Rise Time 


Overshoot 


Settling Time ( To <0.1%, Vin = 4Vp.p) 


Block Diagram 


V+ 


8mA 
(NOTE 1) : 
NOTE: Total supply voltage (for indicated 
voltage gains) = 15V 
1. Withinput terminals biased so that Termi- 
nal 6 potential is +7.5V above terminal 4. 
2. With output terminal driven to either 
supply rail. 


OmA : 
(NOTE 2) : 


es 


@)+ 


i OUTPUT 
INPUT : 


©) 


Cc 


(8) ~=<——— STROBE 


COMPENSATION 


OFFSET HEN DESIRED 
NULL CIEE AED) 
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Schematic Diagram 
{ BIASCIRCUIT. }{ ~~~«<CURRENTSOURCE 
: By FOR Q6 AND Q7 
3 2 
a1 3 a2 
m 
: dagen: ss 
A 21 nee 
1 | 8.3V Ds tt 
Rt DA ft 
i Se 


D7 


INV. INPUT 


OFFSET NULL 


o-= BOs SQ QeSeeSseeee seus: 


(7) V+ 


“CURRENT SOURCE 
LOAD” FOR Q11 


Q3 


4. 


SECOND 
STAGE 


PP APAPFAABAAAFAAAAAASAAZAAAAAAASAABAABAAAABAAAAZLAMASAAAS 


FRPP BAABZAB AA BABABABLBABB LEBER AERP EBA BBAEBEBAM EEA EM AEE EE 


adeweusswewscwweueAve é 
SUPPLEMENTARY jem 


COMP IF DESIRED STROBING 


NOTE: Diodes D5 Through D7 Provide Gate Oxide Protection For MOSFET Input Stage 


Circuit Description 


Refer to the block diagram of the CA5160 series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5V below the negative supply rail, and the output 
can be swung very close to either supply rail in many appli- 
cations. Consequently, the CA5160 series circuits are ideal 
for single supply operation. Three class A amplifier stages, 
having the individual gain capability and current consump- 
tion shown in the block diagram, provide the total gain of the 
CA5160. A biasing circuit provides two potentials for com- 
mon use in the first and second stages. Terminals 8 and 1 
can be used to supplement the internal phase compensation 
network if additional phase compensation or frequency roll- 
off is desired. Terminals 8 and 4 can also be used to strobe 
the output stage into a low quiescent current state. When 
Terminal 8 is tied to the negative supply rail (Terminal 4) by 
mechanical or electrical means, the output potential at Ter- 
minal 6 essentially rises to the positive supply rail potential at 
Terminal 7. This condition of essentially zero current drain in 
the output stage under the strobed “OFF” condition can only 
be achieved when the ohmic load resistance presented to 


the amplifier is very high (e.g., when the amplifier output is used 
to drive CMOS digital circuits in comparator applications). 


Input Stages - The circuit of the CA5160 is shown in the 
schematic diagram. It consists of a differential input stage 
using PMOS field effect transistors (Q6, Q7) working into a 
mirror pair of bipolar transistors (Q9, Q10) functioning as 
load resistors together with resistors R3 through R6. The 
mirror pair transistors also function as a differential-to-single- 
ended converter to provide base drive to the second-stage 
bipolar transistor (Q11). Offset nulling, when desired, can be 
effected by connecting a 100,000 ohm potentiometer across 
Terminals 1 and 5 and the potentiometer slider arm to Termi- 
nal 4. 


Cascode-connected PMOS transistors Q2, Q4, are the con- 
stant current source for the input stage. The biasing circuit 
for the constant current source is subsequently described. 
The small diodes D5 through D7 provide gate-oxide protec- 
tion against high voltage transients, including static electric- 
ity during handling for Q6 and Q7. 
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Second Stage 


Most of the voltage gain in the CA5160 is provided by the 
second amplifier stage, consisting of bipolar transistor Q11 
and its cascode-connected load resistance provided by 
PMOS transistors Q3 and Q5. The source of bias potentials 
for these PMOS transistors is described later. Miller Effect 
compensation (roll off) is accomplished by means of the 30pf 
Capacitor and 2kQ resistor connected between the base and 
collector of transistor Q11. These internal components pro- 
vide sufficient compensation for unity gain operation in most 
applications. However, additional compensation, if desired, 
may be used between Terminals 1 and 8. 


Bias-Source Circuit - At total supply voltages, somewhat 
above 8.3 volts, resistor R2 and zener diode Z1 serve to 
establish a voltage of 8.3 volts across the series connected 
circuit, consisting of resistor R1, diodes D1 through D4, and 
PMOS transistor Q1. A tap at the junction of resistor Ri and 
diode D4 provides a gate bias potential of about 4.5 volts for 
PMOS transistors Q4 and Q5 with respect to Terminal 7. A 
potential of about 2.2 volts is developed across diode con- 
nected PMOS transistor Q1 with respect to Terminal 7 to 
provide gate bias for PMOS transistors Q2 and Q3. It should 
be noted that Q1 is “mirror connected” to both Q2 and Q3. 
Since transistors Q1, Q2 and Q3 are designed to be identi- 
cal, the approximately 200-microampere current in Q1 
establishes a similar current in Q2 and Q3 as constant cur- 
rent sources for both the first and second amplifier stages, 
respectively. 


At total supply voltages somewhat less than 8.3 volts, zener 
diode Z1 becomes non-conductive and the potential, devel- 
oped across series connected R1, D1-D4, and Q1 varies 
directly with variations in supply voltage. Consequently, the 
gate bias for Q4, Q5 and Q2, Q3 varies in accordance with 
supply voltage variations. This variation results in deteriora- 
tion of the power supply rejection ration (PSRR) at total sup- 
ply voltages below 8.3 volts. Operation at total supply 
voltages below about 4.5 volts results in seriously degraded 
performance. 


Output Stage - The output stage consists of a drain loaded 
inverting amplifier using CMOS transistors operating in the 
Class A mode. When operating into very high resistance 
loads, the output can be swung within millivolts of either sup- 
ply rail. Because the output stage is a drain loaded amplifier, 
its gain is dependent upon the load impedance. The transfer 
characteristics of the output stage for a load returned to the 
negative supply rail are shown in Figure 3. Typical op-amp 
loads are readily driven by the output stage. Because large 
signal excursions are nonlinear, requiring feedback for good 
waveform reproduction, transient delays may be encoun- 
tered. As a voltage follower, the amplifier can achieve 0.01 
percent accuracy levels, including the negative supply rail. 


Typical Performance Curves 


120 


V+ = 7.5V; V- = -7.5V 


8 


ee 
o 


OPEN-LOOP VOLTAGE GAIN (dB) 
> @ 
=) °o 


OPEN-LOOP PHASE (DEGREES) 
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10' 107 140° 104 1405 408 407 1408 
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FIGURE 1. OPEN- LOOP VOLTAGE GAIN AND PHASE SHIFT 
vs FREQUENCY 


OPEN-LOOP VOLTAGE GAIN (dB) 


0 
TEMPERATURE (°C) 
FIGURE 2. OPEN-LOOP GAIN vs TEMPERATURE 
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Typical Performance Curves 
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FIGURE 7. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE FIGURE 8. OUTPUT SWING vs LOAD RESISTANCE 


2-245 


OPERATIONAL 


AMPLIFIERS 


CA5160A, CA5160 


Typical Performance Curves 


ad 
ie 
= 
e., 
& 
7 
~— 
A 
Alt | 
8 Ft O77 a a OR Se A BE A es 


10 


MAGNITUDE OF LOAD CURRENT (mA) 


e* 
I 
ae 
dik 
I 
Ril oe 
FIGURE 10. VOLTAGE ACROSS PMOS OUTPUT TRANSISTOR 


2 468 


NBIIBRII 


i 
a 
Z 
ai 
s 
a 
i 
é 
Lad 
a 
1 


2 468 


SILC RSS CIE 


py BH 
‘Cie ti thet tlt Te 


2 .) 
wo 
3% . 
n oe “ 
>e S 
NN 260T N BOT N DOT A o 
o bo ] ~~ *™ = we 
” — o o "'S 
So 7 
(A) (80) HOLSISNVHL 3DVLS °o 


LNdinO SOWd SSOYDV dOud SDVLIOA 


TEMPERATURE (°C) 
FIGURE 9. OUTPUT CURRENT vs TEMPERATURE 


(vw) INSHYND LNdLNO 


(Q8) vs LOAD CURRENT 


‘> 
> rare 
td 
rs 
" 
> 
© 
& & > 
+r 
| 
< + 
- > c] 
2S) GE cea =) — 
Po a ae r > 
ie ee 9 
iy Sit e 
3 
% w 
-E 
= 
So 
= 


1 ae A | el a 


3 3 = = 


(ZH} /AU) SDVITOA SSION LNNI 


10 


1 


0.1 


et NAAN TT 


tT NAA 
RRR 


‘Tr || ti)! | ti Sm 
Loe et ee AR? 
Ts Be ae A 


SN 


MAGNITUDE OF LOAD CURRENT (mA) 
FIGURE 11. VOLTAGE ACROSS NMOS OUTPUT TRANSISTOR 


0.01 


G S 3 3 

= °o 
(A) (10) HOLSISNVHL 
3DVLS - LNdLNO SOWN SSOHOW dOHO SDVLIOA 


FIGURE 12. EQUIVALENT NOISE VOLTAGE vs FREQUENCY 


(Q12) vs LOAD CURRENT 


2-246 


CA5160A, CA5160 


Offset Nulling 


Offset voltage nulling is usually accomplished with a 
100,000Q potentiometer connected across Terminals 1 and 
5 and with the potentiometer slider arm connected to Termi- 
nal 4. A fine offset null adjustment usually can be affected 
with the slider arm positioned in the mid point of the potenti- 
ometer’s total range. 


Input Current Variation with Common Mode Input 
Voltage 


As shown in the Table of Electrical Characteristics, the input 
current for the CA5160 Series Op-Amps is typically 5pA at 
T, = +25°C when Terminals 2 and 3 are at a common-mode 
potential of +7.5 volts with respect to negative supply Termi- 
nal 4. Figure 13 contains data showing the variation of input 
current as a function of common-mode input voltage at T, = 
+25°C. These data show that circuit designers can advanta- 
geously exploit these characteristics to design circuits which 
typically require an input current of less than 1pA, provided 
the common-mode input voltage does not exceed 2 volts. As 
previously noted, the input current is essentially the result of 
the leakage current through the gate-protection diodes in the 
input circuit and, therefore, a function of the applied voltage. 
Although the finite resistance of the glass terminal-to-case 
insulator of the TO-5 package also contributes an increment 
of leakage current, there are useful compensating factors. 
Because the gate-protection network functions as if it is con- 
nected to Terminal 4 potential, and the TO-5 case of the 
CA5160 is also internally tied to Terminal 4, input terminal 3 
is essentially “guarded” from spurious leakage currents. 


INPUT VOLTAGE (V) 


-1 0 1 2 3 4 5 6 7 
INPUT CURRENT (pA) 


FIGURE 13. CA5160 INPUT CURRENT vs COMMON MODE 
VOLTAGE 


Input Current Variation with Temperature 


The input current of the CA5160 series circuits is typically 5 
pA at +25°C. The major portion of this input current is due to 
leakage current through the gate protective diodes in the 
input circuit. As with any semiconductor-junction device, 


including Oop amps with a junction-FET input stage, the 
leakage current approximately doubles for every 10°C 
increase in temperature. Figure 14 provides data on the 
typical variation of input bias current as a function of 
temperature in the CA5160. 


In applications requiring the lowest practical input current 
and incremental increases in current because of “warm-up” 
effects, it is suggested that an appropriate heat sink be used 
with the CA5160. In addition, when “sinking” or “sourcing” 
significant output current the chip temperature increases, 
Causing an increase in the input current. In such cases, heat- 
sinking can also very markedly reduce and stabilize input 
Current variations. 
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FIGURE 14. INPUT CURRENT vs AMBIENT TEMPERATURE 


Input Offset Voltage (Vjo) Variation with DC Bias vs 
Device Operating Life 


It is well known that the characteristics of a MOSFET device 
can change slightly when a dc gate-source bias potential is 
applied to the device for extended time periods. The magni- 
tude of the change is increased at high temperatures. Users 
of the CA5160 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper- 
ation at high temperatures with a significant differential dc 
bias voltage applied across Terminals 2 and 3. Figure 15 
shows typical data pertinent to shifts in offset voltage 
encountered with CA5160 devices in TO-5 packages during 
life testing. At lower temperatures (TO-5 and plastic) for 
example at +85°C, this change in voltage is considerably 
less. In typical linear applications where the differential volt- 
age is small and symmetrical, these incremental changes 
are of about the same magnitude as those encountered in 
an operational amplifier employing a bipolar transistor input 
stage. The two-volt de differential voltage example repre- 
sents conditions when the amplifier output state is “toggled”, 
@.g., aS in comparator applications. 
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FIGURE 15. TYPICAL INCREMENTAL OFFSET-VOLTAGE 
SHIFT vs OPERATING LIFE 


Power Supply Considerations 


Because the CA5160 is very useful in single-supply applica- 
tions, it is pertinent to review some considerations relating to 
power-supply current consumption under both single-and 
dual-supply service. Figures 16A and 16B show the CA5160 
connected for both dual and single-supply operation. 


Dual-supply Operation: When the output voltage at Termi- 
nal 6 is zero-volts, the currents supplied by the two power 
supplies are equal. When the gate terminals of Q8 and Q12 
are driven increasingly positive with respect to ground, cur- 
rent flow through Q12 (from the negative supply) to the load 
is increased and current flow through Q8 (from the positive 
supply) decreases correspondingly. When the gate terminals 
of Q8 and Q12 are driven increasingly negative with respect 
to ground, current flow through Q8 is increased and current 
flow through Q12 is decreased accordingly. 


Single Supply Operation: Initially, let it be assumed that the 
value of R,_ is very high (or disconnected), and that the input- 
terminal bias (Terminals 2 and 3) is such that the output ter- 
minal (Number 6) voltage is at V+/2, i.e., the voltage-drops 
across Q8 and Q12 are of equal magnitude. Figure 4 shows 
typical quiescent supply-current vs supply-voltage for the 
CA5160 operated under these conditions. Since the output 
Stage is operating as a Class A amplifier, the supply-current 
will remain constant under dynamic operating conditions as 
long as the transistors are operated in the linear portion of 
their voltage transfer characteristics (see Figure 3). If either 
Q8 or Q12 are swung out of their linear regions toward cutoff 
(a nonlinear region), there will be a corresponding reduction 
in supply-current. In the extreme case, e.g., with Terminal 8 
swung down to ground potential (or tied to ground), NMOS 
transistor Q12 is completely cut off and the supply-current to 
series-connected transistors Q8, Q12 goes essentially to 
zero. The two preceding stages in the CA5160, however, 
continue to draw modest supply-current (see the lower curve 
in Figure 4) even through the output stage is strobed off. Fig- 
ure 16A shows a dual-supply arrangement for the output 
Stage that can also be strobed off, assuming R, = ©, by pull- 
ing the potential of Terminal 8 down to that of Terminal 4. 


Let it now be assumed that a load-resistance of nominal 
value (e.g., 2 kilohms) is connected between Terminal 6 and 
ground in the circuit of Figure 16B. Let it further be assumed 
again that the input terminal bias (Terminals 2 and 3) is such 
that the output terminal (Number 6) voltage is V+/2. Since 
PMOS transistor Q8 must now supply quiescent current to 
both R, and transistor Q12, it should be apparent that under 
these conditions the supply current must increase as an 
inverse function of the R, magnitude. Figure 10 shows the 
voltage drop across PMOS transistor Q8 as a function of 
load current at several supply voltages. Figure 3 shows the 
voltage transfer characteristics of the output stage for sev- 
eral values of load resistance. 


: POSITIVE 
i SUPPLY 


“T NEGATIVE 
SUPPLY 


(A) DUAL POWER-SUPPLY OPERATION 


: POSITIVE 
= SUPPLY 


(B) SINGLE POWER-SUPPLY OPERATION 


FIGURE 16. CA5160 OUTPUT STAGE IN DUAL AND SINGLE 
POWER-SUPPLY OPERATION 
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Wideband Noise 


From the standpoint of low-noise performance consider- 
ations, the use of the CA5160 is most advantageous in appli- 
cations where in the source resistance of the input signal is 
on the order of 1 megohm or more. In this case, the total 
input-referred noise voltage is typically only 40nV when the 
test-circuit amplifier of Figure 17 is operated at a total supply 
voltage of 15 volts. This value of total input-referred noise 
remains essentially constant, even though the value of 
source resistance is raised by an order of magnitude. This 
characteristic is due to the fact that reactance of the input 
capacitance becomes a significant factor in shunting the 
source resistance. It should be noted, however, that for val- 
ues of source resistance very much greater than 1 megohm, 
the total noise voltage generated can be dominated by the 
thermal noise contributions of both the feedback and source 
resistors. 


> +7.5V 


BW (-3dB) = 200kHz 
TOTAL NOISE VOLTAGE 
(REFERRED INPUT) = 40yV TYP 


FIGURE 17. TEST-CIRCUIT AMPLIFIER (30dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENTS 


Typical Applications 
Voitage Followers 


Operational amplifiers with very high input resistances, like 
the CA5160, are particularly suited to service as voltage fol- 
lowers. Figure 18 shows the circuit of a classical voltage fol- 
lower, together with pertinent waveforms using the CA5160 
in a split supply-configuration. 


A voltage follower, operated from a single-supply, is shown in 
Figure 19 together with related waveforms. This follower cir- 
cuit is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Figure 19B with input- 
signal ramping. The waveforms in Figure 19C show that the 
follower does not lose its input-to-output phase-sense, even 
though the input is being swung 7.5 volts below ground poten- 
tial. This unique characteristic is an important attribute in both 
operational amplifier and comparator applications. Figure 19C 
also shows the manner in which the CMOS output stage per- 
mits the output signal to swing down to the negative supply rail 
potential (i.e., ground in the case shown). The digital-to-ana- 
log converter (DAC) circuit, described in the following section, 
illustrates the practical use of the CA5160 in a single-supply 
voltage follower application. 


fp eeereecnzaenzece2eee+ 


i%; 25pF 
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=> CAPACITANCE 


BW (-3dB) = 4MHz 
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(B) SMALL SIGNAL RESPONSE 
Top Trace: Output 
Bottom Trace: Input 


(C) INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING SETTLING 
TIME 
Top Trace: Output Signal 
Center Trace: Difference Signal 5mV/Div. 
Bottom Trace: Input Signal 


FIGURE 18. SPLIT-SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS 
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9-Bit CMOS DAC 


A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)* 
is shown in Figure 20. This system combines the concepts of 
multiple-switch CMOS IC’s, a low cost ladder network of dis- 
crete metal-oxide-film resistors, a CA5160 op amp con- 
nected as a follower, and an inexpensive monolithic 
regulator in a simple single power supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, @.g., 10 volt logic levels are used in 
the circuit of Figure 20. 


* "Digital-to-Analog Conversion Using the Harris CD4007A CMOS 
IC”, Application Note AN-6080. 


The circuit uses an R/2R voltage-ladder network, with the 
output-potential obtained directly by terminating the ladder 
arms at either the positive or the negative power-supply ter- 
minal. Each CD4007A contains three “inverters”, each 
“inverter” functioning as a single-pole double-throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of one percent tolerance metal-oxide film resistors. 
The five arms requiring the highest accuracy are assembled 
with series and parallel combinations of 806,000 resistors 
from the same manufacturing lot. 


A single 15-volt supply provides a positive bus for the 
CA5160 follower amplifier and feeds the CA3085 voltage 
regulator. A “scale-adjust” function is provided by the regula- 
tor output control, set to a nominal 10-volt level in this sys- 
tem. The line-voltage regulation (approximately 0.2%) 
permits a 9-bit accuracy to be maintained with variations of 
several volts in the supply. The flexibility afforded by the 
CMOS building blocks simplifies the design of DAC systems 
tailored to particular needs. 


Error Amplifier in Regulated Power Supplies 


The CA5160 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. 


The circuit shown in Figure 21 uses a CA5160 as an error 
amplifier in a continuously adjustable 1-ampere power sup- 
ply. One of the key features of this circuit is its ability to regu- 
late down to the vicinity of zero with only one dc power 
supply input. 


An RC network, connected between the base of the output 
drive transistor and the input voltage, prevents “turn-on over- 
shoot”, a condition typical of many operational-amplifier reg- 
ulator circuits. As the amplifier becomes operational, this RC 
network ceases to have influence on the regulator perfor- 
mance. 


(C) OUTPUT-WAVEFORM WITH GROUND-REFERENCE SINE- 
WAVE INPUT 
Top Trace: Output 
Bottom Trace: Input 


FIGURE 19. SINGLE-SUPPLY VOLTAGE-FOLLOWER WITH 
ASSOCIATED WAVEFORMS. (e.g., FOR USE IN SIN- 
GLE-SUPPLY D/A CONVERTER; SEE FIGURE 9 IN 
AN-6080) 
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FIGURE 20. 9-BIT DAC USING CMOS DIGITAL SWITCHES AND CA5160 
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Precision Voltage-Controlled Oscillator 


The circuit diagram of a precision voltage-controlled oscilla- 
tor is shown in Figure 22. The oscillator operates with a 
tracking error on the order of 0.02 percent and a temperature 
coefficient of 0.01%/°C. A multivibrator (A,) generates 
pulses of constant amplitude (V) and width (T.). Since the 
output (terminal 6) of A; (a CA5130) can swing within about 
10 millivolts of either supply-rail, the output pulse amplitude 
(V) is essentially equal to V+. The average output voltage 
(Eavg = V T2/T;) is applied to the non-inverting input terminal 
of comparator Az (a CA5160) via an integrating network Rs, 
Cz. Comparator Ap operates to establish circuit conditions 
such that Egyg = V1. This circuit condition is accomplished by 
feeding an output signal from terminal 6 of Az through Ry, D, 
to the inverting terminal (terminal 2) of A,, thereby adjusting 
the multivibrator interval, T3. 


2N6385 
POWER DARLINGTON 


INPUT 40V 
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Voltmeter With High Input Resistance 


The voltmeter circuit shown in Figure 23 illustrates an appli- 
cation in which a number of the CA5160 characteristics are 
exploited. Range-switch SW1 is ganged between input and 
output circuitry to permit selection of the proper output volt- 
age for feedback to Terminal 2 via 10kQ current-limiting 
resistor. The circuit is powered by a single 8.4 volt mercury 
battery. With zero input signal, the circuit consumes some- 
what less than 500 microamperes plus the meter current 
required to indicate a given voltage. Thus, at full-scale input, 
the total supply current rises to slightly more than 1500 
microamperes. 


SHORT-CIRCUIT CURRENT 
LIMIT ADJUSTMENT 


OUTPUT 
0 


Hum and Noise Output < 250 VRMS: 


Regulation (No Load to Full Load) <0.005%; 
Input Regulation < 0.01%/V 


FIGURE 21. CA5160 VOLTAGE REGULATOR CIRCUIT (0.1 TO 35V AT 1A). 
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FIGURE 22. VOLTAGE CONTROLLED OSCILLATOR 
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FIGURE 23. CA5160A HIGH INPUT RESISTANCE DC VOLTMETER 
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FIGURE 24. CA5160 1,000,000/1 SINGLE CONTROL FUNCTION GENERATOR - 1MHz TO 1Hz 
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(B) STAIRCASE GENERATOR WAVEFORM 
Top Trace: Staircase Output 2V Steps 
Center Trace: Comparator 
Bottom Trace: Oscillator 


FIGURE 25. STAIRCASE GENERATOR CIRCUIT UTILIZING 
THREE CMOS OPERATIONAL AMPLIFIERS 


Function Generator 


A function generator having a wide tuning range is shown in Fig- 
ure 24. The adjustment range, in excess of 1,000,000/1, is 
accomplished by a single potentiometer. Three operational 
amplifiers are utilized: a CA5160 as a voltage follower, a CA3080 
as a high-speed comparator, and a second CA3080A as a pro- 
grammable current source. Three variable capacitors C1, C2, 
and C3 shape the triangular signal between 500kHz and 1MHz. 
Capacitors C4, C5, and the trimmer potentiometer in series with 
C5 maintain essentially constant (10%) amplitude up to 1MHz. 


Staircase Generator 


Figure 25 shows a Staircase generator circuit utilizing three 
CMOS operational amplifiers. Wwo CA5130's are used; one as a 
multivibrator, the other as a hysteresis switch. The third ampli- 
fier, a CA5160, is used as a linear staircase generator. 
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Picoammeter Circuit 


Figure 26 is a current-to-voltage converter configuration uti- 
lizing a CA5160 and CA3140 to provide a picoampere meter 
for +3pA full-scale meter deflection. By placing Terminals 2 
and 4 of the CA5160 at ground potential, the CA5160 input 
is operated in the “guarded mode”. Under this operating con- 
dition, even slight leakage resistance present between Ter- 
minals 3 and 2 or between Terminals 3 and 4 would result in 
zero voltage across this leakage resistance, thus substan- 
tially reducing the leakage current. 


If the CA5160 is operated with the same voltage on input 
Terminals 3 and 2 as on Terminal 4, a further reduction in the 
input current to the less than one picoampere level can be 
achieved as shown in Figure 13. 


To further enhance the stability of this circuit, the CA5160 
can be operated with its output (Terminal 6) near ground, 
thus markedly reducing the dissipation by reducing the sup- 
ply current to the device. 


The CA3140 stage serves as a X100 gain stage to provide 
the required plus and minus output swing for the meter and 
feedback network. A 100-to-1 voltage divider network con- 
sisting of a 9.9kQ resistor in series with a 100Q resistor sets 
the voltage at the 10GQ resistor (in series with Terminal 3) to 
+30mV full-scale deflection. This 30mV signal results from 
+3V appearing at the top of the voltage divider network 
which also drives the meter circuitry. 


By utilizing a switching technique in the meter circuit and in 
the 9.9kQ and 100Q network similar to that used in voltmeter 
circuit shown in Figure 23, a current range of 3pA to inA full 
scale can be handled with the single 10GQ resistor. 
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FIGURE 26. CURRENT-TO-VOLTAGE CONVERTER TO PROVIDE A PICOAMMETER WITH +3pA FULL SCALE DEFLECTION 
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(B) SAMPLE AND HOLD WAVEFORM 


Top Trace: Sampled Output 
Center Trace: Input Signal 
Bottom Trace: Sampling Pulses 


FIGURE 27. SINGLE SUPPLY SAMPLE AND HOLD SYSTEM, INPUT OV TO 10V 
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Single Supply Sample-and-Hold System 


Figure 27 shows a single-supply sample-and-hold system 
using a CA5160 to provide a high input impedance and an 
input-voltage range of OV to 10V. The output from the input 
buffer integrator network is coupled to a CA3080A. The 
CA3080A functions as a strobeable current source for the 
CA3140 output integrator and storage capacitor. The 
CA3140 was chosen because of its low output impedance 
and constant gain-bandwidth product. Pulse “droop” during 
the hold interval can be reduced to zero by adjusting the 
100kQ bias-voltage potentiometer on the positive input of 
the CA3140. This zero adjustment sets the CA3080A output 
voltage at its zero current position. In this sample-and-hold 
circuit it is essential that the amplifier bias current be 
reduced to zero to minimize output signal current during the 
hold mode. Even with 320mV at the amplifier bias circuit ter- 
minal (5) at least +100pA of output current will be available. 


Wien Bridge Oscillator 


A simple, single-supply Wien Bridge oscillator using a 
CA5160 is shown in Figure 28. A pair of parallel-connected 
1N914 diodes comprise the gain-setting network which stan- 
dardizes the output voltage at approximately 1.1V. The 500Q 
potentiometer is adjusted so that the oscillator will always 
start and the oscillation will be maintained. Increasing the 
amplitude of the voltage may lower the threshold level for 
starting and for sustaining the oscillation, but will introduce 
more distortion. 


CA5160 


OUTPUT 
f = 100kHz 
2% THD AT 1.1Vp.p 


2-1N914 


— 0.01 pF 
6802 
1 
= 2x (Rill Ra) Cl AS C2 500Q 


FIGURE 28. SINGLE-SUPPLY WEIN BRIDGE OSCILLATOR 
Operation with Output-Stage Power-Booster 


The current sourcing and sinking capability of the CA5160 


output stage is easily supplemented to provide power-boost z w” 
capability. In the circuit of Figure 29, three CMOS transistor- zc 
pairs in a single CA3600 IC array are shown parallel-con- = = 
nected with the output stage in the CA5160. In the Class A <5 
mode of CA3600E shown, a typical device consumes 20mA . & 
of supply current at 15V operation. This arrangement boosts 5 eg 


the current-handling capability of the CA5160 output stage 
by about 2.5X. 


The amplifier circuit in Figure 29 employs feedback to estab- 
lish a closed-loop gain of 20dB. The typical large-signal- 
bandwidth (-3dB) is 190kHz. 


9 +15V 
OouF 7 14) © 1) 
le | i tie ee ene aes 
1pF \ CA3600 
eee | We : pi p2 p3 \ 
: 
a 
4 ‘ 
680kQ ‘ \ 
‘ : 
<= ee | Py 3 
a 
bey €% 500uF 
tur ko (8) 7 H+ © 
@ Saas ate © 0 
100mW 
3 ‘a 
& 
© 
LARGE SIGNAL : 
BW (-3dB) = 190kHz : 
‘ 
‘ 
: 
*SEE FILE NUMBER 619 


FIGURE 29. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA5160. 
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Features 


¢ MOSFET Input Stage provides 
- Very High Z, = 1.5TQ (1.5 x 10120) Typ. 
- Very Low |, =5pA Typ. at 15V Operation 
= 2pA Typ. at 5V Operation 
Ideal for Single Supply Applications 
¢ Common Mode Input Voltage Range Includes Nega- 
tive Supply Rail; Input Terminals Can be Swung 0.5V 
Below Negative Supply Rail 
¢ CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 
CA5260A, CA5260 Have Full Military Temperature 
Range Guaranteed Specifications for V+ = 5V 
CA5260A, CA5260 are Guaranteed to Operate Down to 
4.5V for Ao. 


Fully guaranteed to operate from -55°C to +125°C at 
V+ = 5V, V- = Gnd 


Applications 


¢ Ground Referenced Single Supply Amplifiers 
¢ Fast Sample-Hold Amplifiers 

¢ Long Duration Timers/Monostables 

¢ Ideal Interface with Digital CMOS 

¢ High Input Impedance Wideband Amplifiers 


¢ Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 


Voltage Regulators (Permits Control of Output Voltage 
Down to Zero Volts) 


Wien Bridge Oscillators 

¢ Voltage Controlled Oscillators 
¢ Photo Diode Sensor Amplifiers 
5V Logic Systems 
Microprocessor Interface 


Description 


The CA5260A and CA5260 are integrated-circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA5260 series 
circuits are dual versions of the popular CA5160 series. 
They are designed and guaranteed to operate in 
microprocessor or logic systems that use +5V supplies. 
Gate-protected p-channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very-high-input 
impedance, very-low-input current, and exceptional speed 
performance. The use of PMOS field-effect transistors in the 
input stage results in common-mode input-voltage capability 
down to 0.5V below the negative-supply terminal, an 
important attribute in single-supply applications. 


A complementary-symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within 10mV of 
either supply-voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 


The CA5260 Series circuits operate at supply voltages 
ranging from 4.5V to 16V, or +2.25V to +8V when using split 
supplies. 

The CA5260A, CA5260 have guaranteed specifications for 
SV operation over the full military temperature range of 
Ordering Information 


-55°C to +125°C. 

aoe ee ce 
NUMBER RANGE 

8 Pin TO-5 Can 

8 Lead Plastic DIP 

8 Lead SOIC* 


* Denotes Tape and Reel 


Pinouts 


CA5260 (PDIP, SOIC) 
TOP VIEW 


|S | NON INV. INPUT (B) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


CA5260 (TO-5 STYLE CAN) 
TOP VIEW 


OUTPUT (B) 


NON INV. 
INPUT (A) 


NON INV. 
INPUT (B) 


File Number 1929.2 
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Specifications CA5260, CA5260A 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Between V+ and V Terminals) ............. 16V Operating Temperature Range (All Types) ....... -55°C to +125°C 
Ditterereia’ Wut Vonnde, ..i5 . ss ke os eos csestas Rae oP a 8V Storage Temperature Range (All Types)......... -65°C to +150°C 
PT ae a « siden a ada dai (V+ +8 V) to (V- -0.5 V) 

Mout Coreniss 5.45. ce SR BAR. A Rissa 1mA 

Output Short Circuit Duration (Note 1)................ Indefinite 

HUPICUON TOMDOTAING. fn see ee cde secre bh oct come +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)............0005- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical Values Intended Only for Design Guidance, V+ = 5V, V- = OV, T, = +25°C, 
Unless Otherwise Specified 


TYPICAL VALUES 
PARAMETERS SYMBOL TEST CONDITIONS CA5260A | CA5260 _ UNITS 


[rputCapactance Time Cd 
oT. 
ae Say ae 
aol oe 
Ss IE eh 
tT 


Unity Gain Crossover Frequency fr Rass ees 
Slew Rate SR Vout = 2.5Vp.p 


Transient Response Peel C, = 25pF, R, = 2kQ 


Rise Time 


(Voltage Follower) 
Overshoot 


Settling Time (To <0.1%, Viy = 4Vp.p) C, = 25pF, R, = 2kQ 
(Voltage Follower) 


Electrical Specifications T, = +25°C, V+ = 5V, V- = OV 


LIMITS 
TEST 
PARAMETERS SYMBOL CONDITIONS 


[neat set Curent | to |Vo=2ev 
[mpatGurent | [one 
Common Mode Rejection Ratio 
Common Mode Input Voltage Vicrt 


Range 
eee 


Power Supply Rejection Ratio AV+= 1V; 
AV-=1V 


Large Signal Voltage Gain Ao. Ry = 09, 
(Note 2) Vo = 0.5 to 4V 


Ry = 10kQ, 
Vo = 0.5 to 3.6V 


2) 
> 
we 
ND 
! 
> 


Nh 
on 


f ~~ 


~“J 


— 
oOo 
ao 


© 
w 
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AMPLIFIERS 


Specifications CA5260, CA5260A 


Electrical Specifications —T, = +25°C, V+ = 5V, V- = OV (Continued) 


TEST 
PARAMETERS SYMBOL CONDITIONS 


Output Votage pes 


Supply Current 


NOTES: 
1. Short circuit may be applied to ground or to either supply. 
2. For V+ = 4.5V and V- = GND; Voy = 0.5V to 3.2V at R, = 10kQ. 


Electrical Specifications —T, = -55°C to +125°C, V+ = 5V, V- = OV 


LIMITS 
TEST CA3260A 
PARAMETERS SYMBOL CONDITIONS TYP TYP 


UNITS 


3 
< 


Input Offset Voltage Vio Vo = 2.5V 
Input Offset Current ; 
Input Current poe Vo = 2.5V 


Common Mode Rejection Ratio CMRR-_ | Voy =0to 1V 
Vom = 0 to 2.5V 


> 


“ 
ies) 
NJ 
@ 


| 
oO 
s 
ies) 
| 
oO 
~“S 
ies) 


Large Signal Voltage Gain 
(Note 2) 


Aoi R = oo, 
Vo = 0.5 to 4V 


Site 
Vo = 0.5 to 3.6V 
Source Current 
[Sexcuret [tae [Vom ev 
Output Voltage R, = °° 


Pg 
23 
ae 
= | 
= 
io) 
Qa 
@o 
> 
z 
S 
sy 
Q 
@ 
lf 
314 


_ 
> 


© = : 
N . 


i) 
N 


ell 


NOTES: 
1. Short circuit may be applied to ground or to either supply. 
2. For V+ = 4.5V and V- = GND; Voy = 0.5V to 3.2V at Ry = 10kQ. 
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Specifications CA5260, CA5260A 


Electrical Specifications Each Amplifier at T, = 25°C, V+ = 15V, V- = OV, Unless Otherwise Specified. 


LIMITS 
TEST CA3260A 
PARAMETERS SYMBOL CONDITIONS 


_ 


Ho el sae) ees 


a 


L= 

an 
et 
Ow 
Cu. 
<5 
Maximum Output Current lomt+ Vo = 7.5V & 
(Source) ag 

ce) 

low: (Sink) 


Total Supply Current, Ry = °° 


+ Vo (Amp A) =7.5V 
Vo (Amp B) = 7.5V 
Vo (Amp A) = OV 
Vo (Amp B) = OV 
Vo (Amp A) = OV 
Vo (Amp B) = 7.5V 
Input Offset Voltage Temp. Drift | AVio/AT Dee ee 


MIN | 
ee | 
Pry 
a4 
| 50 | 
t ae 
eS 
Mma 
ret 
| 14.99 | 
ae 
in 
Le 
Crosstalk sees! f = 1kHz ee 


© 
| 
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CA5260, CA5260A 


Schematic Diagram 


AMPLIFIER A H : AMPLIFIER B 
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March 1993 BiMOS Operational Amplifier 
Features Description 
¢ CA5420A, CA5420 at 5V Supply Voltage with Full The CA5420A and CA5420* are_ integrated circuit 
Military Temperature Range Guaranteed operational amplifiers that combine PMOS transistors and 
Specifications bipolar transistors on a single monolithic chip. They are 
e CA5420A, CA5420 Guaranteed to Operate from +1V to designed and guaranteed to operate in microprocessor logic 
+10V Supplies systems that use V+ = 5V, V- = Gnd, since they can operate 
¢ 2V Supply at 300A Supply Current down to t1V supplies. They will also be suitable for 3.3V 
logic systems. 
¢ 1pA (Typ.) Input Current (Essentially Constant to 
85 °C) The CA5420A and CA5420 BiMOS operational amplifiers 
¢ Rail-to-Rail Output Swing (Drive +2mA Into 1kQ Load) feature gate-protected PMOS transistors in the input circuit 
¢ Pin Compatible with 741 Op Amp to provide very high input impedance, very low input currents 
(less than 1pA). The internal bootstrapping network features 
: . a unique guardbanding technique for reducing the doubling 
Applications of leakage current for every 10°C increase in temperature. = 
° pH Probe Amplifiers The CA5420 series operates at total supply voltages from s re 
> Picoammeiere 2V to 20V either single or dual supply. These operational O wl 
amplifiers are internally phase compensated to achieve e & 
* Electrometer (High Z) Instruments stable operation in the unity gain follower configuration. a 
¢ Portable Equipment Additionally, they have access terminals for a supplementary a = 
¢ Inaccessible Field Equipment external capacitor if additional frequency roll-off is desired. o 
¢ Battery Dependent Equipment (Medical and Military) Terminals are also provided for use in applications requiring 
° 5V Logic Systems input offset voltage nulling. The use of PMOS in the input 


stage results in common-mode input voltage capability down 
to 0.45V below the negative supply terminal, an important 
‘ j attribute for single supply application. The output stage uses 
Ordering Information a feedback OTA type amplifier that can swing essentially 


PART TEMPERATURE from rail-to-rail. The output driving current of 1.0mA (min) is 
NUMBER RANGE 


provided by using nonlinear current mirrors. 
8 Lead Plastic DIP 


Microprocessor Interface 


These devices have guaranteed specifications for 5V opera- 
tion over the full military temperature range of -55°C to 
+125°C. 


The CA5420 series has the same 8 lead pinout used for the 
industry standard 741. 


* Formerly Dev. Type No. TA1 0841 


Pinouts Functional Diagram 
CA5420 CA5420 
CA5420 
(PDIP, SOIC) (TO-5 CAN) : 
TOP VIEW TOP VIEW 
TAB STROBE 
OF OLE Lt [S|STROBE precy 
INV. NULL (1) (7) V+ 
INPUT V+ es 
NON-INV. INPUT (6) OUTPUT 
acount EY |6 JOUTPUT 
a OFFSET NON-INV. (3) 
SINULL a OFFSET 
V- 
NOTE: Pin 4 is connected to Case. BUFFER AMPS; : 
BOOTSTRAPPED :; HIGHGAIN : OTABUFFER 
INPUT PROTECTION : (50K); (X2) 
TWORK H 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 925.2 
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Specifications CA5420, CA5420A 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (Between V+ and V- Terminals)............. 22V Operating Temperature Range (All Types) ....... -55°C to +125°C 
Differential Input Voltage... 2.1... ee eee ee eee eens 15V Storage Temperature Range (All Types)......... -65°C to +150°C 
PW VOR sie nr soe ea tet Pas os (V+ + 8V) to (V- -0.5V) 

input Current he oer Cees oss Sige Baebes ok eee imA 

Output Short Circuit Duration (Note 1)................ Indefinite 

JNO TRNEEROUNGS (uae ae ees oso ov See +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)................4- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical Values Intended Only for Design Guidance. V+ = +5V; V- = Gnd, Ta = +25°C 


[rananerens | sewoor | vesrconomons easton [case [owns 
0 GMM ie a EE a ea 8 
ee ae ie 
— paar 


Equivalent Input 
Noise Voltage 


Short-Circuit Current 
Source 


To Opposite Supply 
Sink 


Gain Bandwidth Product 
Slew Rate 


Transient Response 


Rise Time 


Overshoot 


Current from Terminal 8 
To V- 

Current from Terminal 8 
To V+ 


Settling Time 


NOTE: 


1. Short circuit may be applied to ground or to either supply. 
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Specifications CA5420, CA5420A 


Electrical Specifications 1, = +25°C, V+ = 5V, V- = 0, Unless Otherwise Specified 


PARAMETERS 


Input Offset Voltage 
Input Offset Current 
Input Current 


Common Mode Rejection Ratio |} CMRR | Voy =0to3.7V, 75 
Vo = 2.5V 
Vo = 2.5V 3.7 


AV+ = 1V; 75 
AV-=1V 


ven Bee 
Large Signal Voltage Gain 
Vo = 0.5 to 4V 
Vo = 0.5 to 4V R, = 10kQ | a5 | a7 


= 
< 


> 


| 
=) 


3.7 


Common Mode Input Voltage 


Range 


| 
So 


Power Supply Rejection Ratio 


@ 


PECOGIISCBISGEBD 


Lee] 


alelele/eie/afalels/eis|= | e/e|-| 2/e/als]3 


Vo = 0.7 to 3V 


a = ica 
Vom + R, = 10kQ 4.7 
Vom - 
va =a 


N 


OV 


4.94 


> 
N 


Supply Current IsuppLy = 


Vo = 2.5V 


S 
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Specifications CA5420, CA5420A 


Electrical Specifications T, = -55°C to +125°C, V+ = 5V, V- = 0, Unless Otherwise Specified 


PARAMETERS 


Input Offset Voltage 


Input Offset Current 


= 
< 


Up to Ta = 85°C 
Input Current 


Up to T, = 85°C 


Common Mode Rejection Ratio CMRR_ | Voy =0 to 
Vo = 2.5V 


Common Mode Input Voltage Vicnt | Vo =2.5V 
Range 


Power Supply Rejection Ratio 


Large Signal Voltage Gain 


N 


e[-lefelelelelsfefel= | elef-| ={=[-[-[elels 


~ 
N 


Vo = 0.5 to 4V 


Vo = 0.7 to 4V 


“ 


= 
ola leelselelells ltr 
~ 


“ 
oi 


Vo = 0.7 to 2.5V 


Output Voltage Vom+ | RL =9° 


N 


Vom + Ry, = 10kQ 


| Vows | q 
Supply Current IsupPLy 


= = 


a 
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Specifications CA5420, CA5420A 


Electrical Specifications For Equipment Design at V+ = 1V, V- = -1V, Ts = 25°C, Unless Otherwise Specified 


LIMITS 
TEST CA5420A 
PARAMETERS SYMBOL | CONDITIONS 


Input Offset Voltage Vio 
R 


4 (Note 1 
5 (Note 1 


So 
[put Onset Curent | tl | 
ret nent cee free 


Maximum Output Voltage Vom+ TR, 


a 
Input Offset Voltage Temp. Drift | AVio/AT | 


LIMITS 
TEST CAS420A 
PARAMETERS SYMBOL | CONDITIONS 


input Offset Voliage ii ran dam ma 
Large Signal Voltage Gain R, = 10kQ 
Common Mode Rejection Ratio CMRR oe 
Common Mode Input Voltage 
Range V 
ICR ~ 
Vom - 


o 
N 


v0 


OPERATIONAL 
AMPLIFIERS 


: 


0 mv 


4 (Note 1 
5 (Note 1 


| 
o 


Power Supply Rejection Ratio Ae ttt 
Maximum Output Voltage : 


ea) So 


© 
NI 


450 


Supply Current lsuppLy 

Device Dissipation F thy. t | 

Input Offset Voltage Temp. Drift 
NOTE: 


1. The maximum limit represents the levels obtainable on high-speed automatic test equipment. 
Typical values are obtained under laboratory conditions. 


ololn 
NIT NTIS 
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CA5420, CA5420A 


Typical Performance Curves 
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So 
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P 
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res 
S 
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INPUT & OUTPUT VOLTAGE EXCURSIONS FROM THE 
POSITIVE AND NEGATIVE SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


FIGURE 1. OUTPUT VOLTAGE SWING AND COMMON MODE 
INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 


a cai 
qd ee 


OUTPUT STAGE TRANSISTOR SATURATION 
VOLTAGE, Q17 (mV) 


LOAD (SINKING) CURRENT (mA) 
FIGURE 3. OUTPUT VOLTAGE vs LOAD SINKING CURRENT 
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LOAD sc aeride aay? 


FIGURE 5. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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100 | V4 = +20V ly 
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EEE 


OUTPUT STAGE TRANSISTOR SATURATION 
VOLTAGE , Q19 (mV) 


‘000 ttt tt pf ttt 
0.001 0.1 er 10 
LOAD (SOURCING) CURRENT (mA) 


FIGURE 2. OUTPUT VOLTAGE vs LOAD SOURCING CURRENT 


SUPPLY CURRENT (A) 


OUTPUT VOLTAGE (V) 
FIGURE 4. SUPPLY CURRENT vs OUTPUT VOLTAGE 


INPUT BIAS CURRENT (pA) 


0 
2 35 45 55 6 75 85 95 105 115 125 
TEMPERATURE (°C) 


FIGURE 6. INPUT BIAS CURRENT DRIFT (AI,/AT) 
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CA5420, CA5420A 


Typical Performance Curves (continued) 
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FIGURE 7. INPUT NOISE VOLTAGE vs FREQUENCY 


1 
10! 


Application Circuits 
Picoammeter Circuit 


The exceptionally low input current (typically 0.2pA) makes 
the CA5420 highly suited for use in a picoammeter circuit. 
With only a single 10GQ resistor, this circuit covers the range 
from +1.5pA. Higher current ranges are possible with suitable 
Switching techniques and current scaling resistors. Input tran- 
sient protection is provided by the 1MQ resistor in series with 
the input. Higher current ranges require that this resistor be 
reduced. The 10MQ resistor connected to pin 2 of the 
CA5420 decouples the potentially high input capacitance 
often associated with lower current circuits and reduces the 
tendency for the circuit to oscillate under these conditions. 


10GQ 


FIGURE 6. PICOAMMETER CIRCUIT 


Ta = +25°C 
V+ = +10V, V- = 10V 
R, = 10kQ 


OPEN LOOP VOLTAGE GAIN (dB) 
OPEN LOOP PHASE (DEGREES) 


1 10' = 10? Ss 103 )— 404 = 405 4098 
FREQUENCY (Hz) 


FIGURE 8. OPEN LOOP GAIN AND PHASE SHIFT RESPONSE 


High Input Resistance Voltmeter 


Advantage is taken of the high input impedance of the CA5420 
in a high input resistance DC voltmeter. Only two 1.5V “AA” 
type penlite batteries power this exceedingly high-input resis- 
tance (>1,000,000MQ) DC voltmeter. Full-scale deflection is 
t500mV, +150mV, and +15mV. Higher voltage ranges are eas- 
ily added with external input voltage attenuator networks. 


The meter is placed in series with the gain network, thus 
eliminating the meter temperature coefficient error term. 


Supply current in the standby position with the meter 
undeflected is 300yA. At full-scale deflection this current 
rises to 800LA. Carbon-zinc battery life should be in excess 
of 1,000 hours. 


FIGURE 7. HIGH INPUT RESISTANCE VOLTMETER 
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Features Description 
e High Speed CMOS Input Stage Provides The CA5470 series are integrated circuit operational amplifi- 
- Wore HIGUZE...;. se ae 5TOQ (5x 10'2Q) Typ. ers that combine the advantages of both high speed CMOS 
~ Wervtowl.......... 5pA t5 ration 2d bipolar transistors on a single monolithic chip. They are 
aid pe: : ; i A dL sa 3 pe ctiten constructed in the BiIMOS-E process which adds drain- 
- 10 eseeee2eene88 . 


e ESD Protection to 2000V 
e 3V to 16V Power Supply Operation 


e Fully Guaranteed Specifications Over Full Military 
Range 


e Wide BW (14MHz); High SR (5V/us) at 5V Supply 
e Wide Vicn Range From -0.5V to 3.7V (Typ) at 5V Supply 
e Ideally Suited for CMOS and HCMOS Applications 


Applications 

¢ Bar Code Readers 

e Photodiode Amplifiers (IR) 

e Microprocessor Buffering 

e Ground Reference Single Supply Amplifiers 
e Fast Sample and Hoid 

¢ Timers 

e Voltage Controlled Oscillators 
e Voltage Followers 

e V tol Converters 

¢ Peak Detectors 

e Precision Rectifiers 


5V Logic Systems 
3V Logic Systems 


extension implants to 3m polygate CMOS, enhancing both 
the voltage capability and providing vertical bipolar transis- 
tors for broadband analog/digital functions. This process 
lends itself easily to high speed operational amplifiers, 
comparators, analog switches and interface peripherals, 
resulting in twice the speed of the conventional CMOS 
transistors having similar feature size. 


BiMOS-E are broadbased bipolar transistors that have high 
transconductance, gains more constant with current level, 
stable “precision” base-emitter offset voltages and superior 
drive capability. Excellent interface with environmental 
potentials enable use in 5V logic systems and future 3.3V 
logic systems. 


ESD capability exceeds the standard 2000V level. The 
CA5470 series can operate with single supply voltages from 
3V to 16V or +1.5V to +8V. They have guaranteed specifica- 
tions at both 5V and +7.5V at room temperature as well as 
over the full -55°C to +125°C military range. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
CA5470E -55°C to +125°C 14 Lead Plastic DIP 


CA5470M -55°C to +125°C 14 Lead SOIC 
CA5470M96 -55°C to +125°C 14 Lead SOIC* 


* Denotes Tape and Reel 


Pinout 


CA5470 (PDIP, SOIC) 
TOP VIEW 


OUTPUT 4 | 1 | 
NEG. INPUT 1 a 


POS. INPUT 1 | 3 | 


OUTPUT 2 


44] OUTPUT 4 


A NEG. INPUT 4 


142] POS. INPUT 4 
44] V- 
10] POS. INPUT 3 


19 | NEG. INPUT 3 


\/ 


Be] 


18 | OUTPUT 3 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 9-270 
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File Number 


Specifications CA5470 


Absolute Maximum Ratings Operating Conditions 
DC Supply Voltage (Between V* And V Terminals).......... 16V Operating Temperature Range (All Types) ....... -55°C to +125°C 
Differential input Vainio fot oS or no. 5. Ca 8V Storage Temperature Range (All Types)......... -65°C to +150°C 
aE WAI ds aes icc baa (V* +8 V) to (V -0.5V) 
og 8 RE Cvgtiliane Seems : Sectrat, SMe area Aine imA 
Power Dissipation: 
Without Heat Sink 
SINR 4S rt Gis cad» vs dae ss be ow oon 630mW 
Mee Hae... ss se on cp eae Derate Linearly 6.67 mw/°C 
With Heat Sink 
NO FO 0 6555 cacao RODS dd els Ub beck biwicke 1W 
MNES. ooo Derate Linearly 16.7 mw/°C 
Small Outline Package 
ER Oe oe occ Shoe adit in Bante cask ee 500mWw 
AEC. 8 Derate Linearly 5.9 mw/°C 
Output Short Circuit Duration (Note 1)................ Indefinite 
oUNncuOly FOMBOraNe. 566. Bick. dices cesevcbace +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical Values Intended Only for Design Guidance. V+ = 5V, V- = OV, T, = +25°C, Unless Otherwise Specified 


TEST CONDITIONS 


Transient Response: 

Rise Time/Fall Time 
Overshoot 
Settling Time (To <0.1%, Vin = 4Vp.p ) 


TQ 
pF 
V/s 


C 
fr 
ta 


[es Lee 


C, = 25pF, Ry= 2kQ 
C, = 25pF, Ry= 2kQ 
(Voltage Follower) 


(Voltage Follower) 
Full Power BW (Voyrt = 3.65Vp.p) SR = 5V/us FPBW Ay=1 


Electrical Specifications T, = +25°C, V+ = 5V, V- = GND 


Vier 

GMRR 

AV = 2V 
Positive Output Voltage Swing R, = 2kQ to GND 


Output Current 
Source to opposite supply 
Sink to opposite supply 
Ao. 
NOTE: 


1. Short circuit may be applied to ground or to either supply. 
2. This is the lowest value that can be tested reliably. Almost all devices will be <10pA. 
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Specifications CA5470 


Electrical Specifications T, = -55°C to +125°C, V+ = 5V, V- = GND 


LIMITS 
PARAMETERS SYMBOL TESTCONDITIONS | MIN | TYP | MAX | 


fnpacinaokgs | Mt | a 
tec «| st | | a | 
ens a a ee es 
Common Mode Rejection Ratio | OMAR) ~—s“|Vicn=0tossv. |. 50. 
Power Supply Rejection Ratio es ee Se es es ae 
Positive Output Voltage Swing | Nowe | Pw 2kQwGNO. |. BB. 
ose 
ee Pa 
ail 


Total Supply Current | guppy | Vout = 2.5V 


Unity Gain Bandwidth Product 
Slew Rate 
Output Current 

Source to opposite supply 


Electrical Specifications 1, = +25°C, V+ = 7.5V, V- =-7.5 


LIMITS 
PARAMETERS SYMBOL TESTCONDITIONS | MIN | TYP | MAX | 


oie 8 lm |.) es | a oe 
[input neat Curent | til | —SSS*d SY 8d ne] pm 
retour pp ee 50 (Not 
[Power Supply Fejecton ao | PSAR[av=iv 


V po 
Positive Output Voltage Swing Vomt 
Ri = 2kQ to GND 


Ri, = 10kQ to GND 


V 
Ry, = 2kQ to GND 
Ri, = 10kQ to GND 


ISUPPLY Vout = GND, R, = °° 


< 


-7.8 to 6.0 


oO 


cop) 


Negative Output Voltage Swing 


N 
oo 


' 
N 
_ 


Open Loop Gain 


-5V to +5V, Ry = 10kQ 
NOTE: 


1. This is the lowest value that can be tested reliably. Almost all devices will be <10pA. 


Slew Rate 


Output Current 
Source to opposite supply 


— 


Sink to opposite supply 


OM 
fr 
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Specifications CA5470 


Electrical Specifications 1, = -55°C to +125°C, V+ =7.5V, V- = -7.5 


PARAMETERS SYMBOL TEST CONDITIONS 


[roa Oraetvomge Pg pe 
rps Og Gurert ot igh 
meer TT ee 
[Common Mode put ange [Ven 
[Power Supply electon Rato | PSAAfavetv____—*d 


AV 
Positive Output Voltage Swing Vomt+ 
Ry = 2kQ to GND 4.75 
RL 
Ri 


= 10kQ to GND 


LIMITS 


‘ 


3 
< 


-7.8 to 6.0 -7.5 


MN 


“J 
foo a>) 


Negative Output Voltage Swing 


Vom- 
2kQ to GND 


[untyGan Bandwen Prat | | 
i uaa RR: aa ea a 
Output Current ae 

lsource 


-7.3 7 


' 
® 
ood 


Source to opposite supply 


Metallization Mask Layout 


60 69.7 
ae $ 
2 bee! Ee Low. 

Dimensions in parentheses are in millimeters and derived Sar |l Fae ri eC } 
from the basic inch dimensions as indicated. Grid gradua- » So a | 
tions are in mils (10° inch). vee Ste) BS 
The layout represents a chip when it is part of the wafer. EF 97.2 
When the wafer is cut into chips, the cleavage angles are * (2.46) 


57° instead of 90° with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 
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CA5470 


Block Diagram ('/, of CA5470) 


V+ (4) 1.8mA/AMP 


PMOS DIFFERENTIAL GROUNDED GATE COMPOSITE MILLER OUTPUT STAGE GND OR 
INPUT STAGE LEVEL SHIFTER GAIN STAGE - SUPPLY 


Typical Performance Curve 


[verse r3v UUM UT Ul 
CUTAN Ti 
CUTMTCTT TTM TI 


mah a EL 
TMNT TTC 
CT CSS TET 


10K 100K 1M 10M 100M 
FREQUENCY 


Vout (Vp-p) 
© oO 
ae 
RRveS: 
GaPLA 
= 
ee 
| 
Rah ten Sar 
— 
Rod Fe ah 
ee Sais 
ere ee 
—- 
ae 
Bisse! 
[ie eee 
= 
an 
ict 
appease: 
a 


FIGURE 1. MAXIMUM OUTPUT VOLTAGE SWING vs FREQUENCY 


2-274 


HARRIS _- HA-2400, HA-2404 
SEMICONDUCTOR HA-2405 


PRAM Four Channel 


aD 


March 1993 Programmable Amplifiers 
Features Description 
¢ Programmability _HA-2400/04/05 comprise a_ series of four-channel 
¢ High Rate Slew... f2eFS SS AS ABS 30V/us programmable amplifiers providing a level of versatility 
unsurpassed by any other monolithic operational amplifier. 
* Wide Gain Bandwidth ...............++.25- 40MH2 Versatility is achieved by employing four input amplifier 
OPNGTGGGIN «6 ous vce bancuacsicdes »bbeeTwEeI 150kV/V channels, any one (or none) of which may be electronically 
selected and connected to a single output stage through 
1 ROW OSM CUNBRMR BOREAS. -~ » 4. + Gabe DOU sir DTL/TTL compatible address inputs. The device formed by 
¢ High Input Impedance...................085 30MQ the output and the selected pair of inputs is an op amp which 
e Single Capacitor Compensation delivers excellent slew rate, gain bandwidth and power 


bandwidth performance. Other advantageous features for 


* DTL/TTL Compatible Inputs these dielectrically isolated amplifiers include high voltage 


. . gain and input impedance coupled with low input offset 
App lications voltage and offset current. External compensation is not 
¢ Thousands of Applications; Program required on this device at closed loop gains greater than 10. zu 
- Signal Selection/Multiplexin 
E Opens onal Amplifier ! - . Each channel of the HA-2400/04/05 can be controlled and S ti 
Osclilator Fr . operated with suitable feedback networks in any of the Fe oe 
* ore eat aie standard op amp configurations. This specialization makes - Rt 
- Filter Characteristics these amplifiers excellent components for multiplexing signal - 7 
~ Add-Subtract Functions selection and mathematical function designs. With 30V/us ro) 
- Integrator Characteristics slew rate, 40MHz gain bandwidth and 30MQ_ input 
- Comparator Levels impedance these devices are ideal building blocks for signal 
¢ For Further Design Ideas, See App. Note 514. generators, active filters and data acquisition designs. 
Programmability, coupled with 4mV typical offset voltage and 
Ordering Information SnA offset current, makes these amplifiers outstanding 


components for signal conditioning circuits. 


PARTNUMBER | TEMP.RANGE | PACKAGE | 


HA1-2405-5 


HA3-2405-5 


Pinouts 
HA-2400/04 (CDIP) HA-2405 (PLCC) 
HA-2405 (CDIP, PDIP) TOP VIEW 
TOP VIEW TRUTH TABLE 


SELECTED 
CHANNEL 


ele ae ORS fe 
+IN4 | 4] 18] ENABLE 
4N4 | 5) GND 
NC/ 6) 16] NC 
4N1 115] COMP 


va} [12 
Bi 


+IN2 iS | 


NC 


13] 
5 
3 


-IN2| © | 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2 891 1 
Copyright © Harris Corporation 1993 2.075 


Specifications HA-2400, HA-2404, HA-2405 


Absolute Maximum Ratings Operating Conditions 

Voltage Between V+ and V- Terminals ...........20e ee eee 45.0V Operating Temperature Range 

Differential Input Voltage. ........... cece ee eee ee eeee VsuppLy APNOC-! 5 omc anc coveiedt ss kus k ee banks -55°C < Ty s +125°C 
Digital Input Voltage .............0-eeeeeeees DAG yr 4t0O MON «2s es os a eae -25°C < Ty < +85°C 
Output Current............ Short Circuit Protected, Isc <t33mA) PRS cos oa s co plee ae oe Sinea pees ee O°C < Ty $ +75°C 
Internal Power Dissipation (Note 13) Storage Temperature Range...........+..- ~65°C < Ty < +150°C 
CRMICHOR, VOITOIIOUUNG oss voce cs cece sce ccecaveneeess +175°C 

Junction Temperature (Plastic Package) ............++- +150°C 

Lead Temperature (Soldering 10 Sec.).............0008: +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specifica tion is not implied. 


Electrical Specifications Test Conditions: Vsyppyy = +15V, Unless Otherwise Specified. Digital Inputs: Vj, = +0.5V, Viq = +2.4. 


Limits apply to each of the four channels, when addressed. 
HA-2400/04 LIMITS HA-2405 LIMITS 


PARAMETER Temp | MIN | TYP | 


Ofeet Voge ec ee 


rorware feos | 
ee 

ie ap ae 

Sonar eee cc eam 
eas oa 

Tee | 

80 


Bias Current (Note 12) 
Offset Current (Note12) 
Input Resistance (Note 12) 
Common Mode Range a 
TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 1, 5) 
Full 
i + 


eS a 
[ouput vonage Swing Note) «dC 


TRANSIENT RESPONSE (Note 16) 


face 
Bsc 
| 200 
ce Fa a 
ss 
ae 
1 


Overshoot (Notes 4, 6) 
Slew Rate (Notes 3, 7) 
Slew Rate (Notes 4, 7,14) 


[Dal inpit Curent Vn=O) «dC 

Dial input Corer (Vn= v5.0) «ra 
[ouputDety Wows.) SiC 
Co 
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Specifications HA-2400, HA-2404, HA-2405 


Electrical Specifications Test Conditions: Vsyppyy = + 15V, Unless Otherwise Specified. Digital Inputs: V, = +0.5V, Viy = +2.4. 
Limits apply to each of the four channels, when addressed. (Continued) 


na ze00e LTS 


POWER SUPPLY CHARACTERISTICS 


Caine 
[sumpyowet__——SSSSC*d ew CT Se | co] - |e] oo] mm 
Power Supp Fejeion Ratowwoio | rw | ™ || - | ~ | w | - | 0 


NOTES: 
1. Ry = 2kQ 
5 Vom = +5VDC 
» Ay =+10, Cooyp = 0, Ry = 2kQ, C, = SO0pF. 
» Ay=+1, Coomp = 15pF, Ry = 2kQ, C, = 50pF. 
- Vout = 20V peak to peak. 
- Vout = 200mV peak. 
- Vout = 10.0V peak to peak. 
. T0 0.1% of final value. 
. To 10% of final value; output then slews at normal rate to final value 
. Unselected input to output; V;y = +10VDC 
. Vsuppry = t10VDC to +20VDC 
. Unselected channels have approximately the same input parameters. 


. Maximum power dissipation including output load, must be designed to maintain the junction temperature below +175°C for the ceramic 
package, and below +150°C for the plastic packages. 


. Guaranteed by design. a 
. Full Power Bandwidth based on slew rate measurement using: FPBW = Pst at f Vpeak = 5V 
. See Figure 11 for test circuit. *" PEAK 


COOAaN OO & W ND 


eNO Snare 
yo — © 


oo 
AMPLIFIERS 


rs 
OPERATIONAL 


a ee 
ao uo 


Schematic Diagram HA-2400 
IN- {———___ 
: dat J 
eee 
oo m0 
oe ae lla on ao 
as jag a as7| 12K 
ese cae 2 
+e ee Ve 
ow | | (a 


cae 


Diagram Includes: One Input Stage, Decode Control, Bias Network, and Output Stage 
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HA-2400, HA-2404, HA-2405 


Typical Performance Curves 
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120 


< 
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- 

4 
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c 

cc 

— ] 

oO 

a5 ee 
8 OFFSET CURRENT 
RSs (a AM sa 
55 -50 -25 +25 +50 +75 +100 +125 
eae (°c) 
FIGURE 1. INPUT BIAS CURRENT AND OFFSET CURRENT vs 
TEMPERATURE 


Vsuppcy = +20V 
Vsuppcy = t15V 
Vsupp.y = t10V 


SUPPLY CURRENT (mA) 


#100 +125 


$5 -50 -25 0 +25 +50 +75 
TEMPERATURE (°C) 


FIGURE 3. POWER SUPPLY CURRENT vs TEMPERATURE 


SOUT IE UIETUL aT 
USS Hoe 
80 SS ll OpF 


SUNS el It LI 


OPEN LOOP VOLTAGE GAIN (dB) 


“ TCI 


10 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


FIGURE 5. FREQUENCY RESPONSE vs Ccoyp 


NORMALIZED VALUE REFERRED TO +25°C 


+75 +100 +125 


SB. 0 ea ee ee 
TEMPERATURE (°C) 


FIGURE 2. NORMALIZED AC PARAMETERS vs TEMPERATURE 


RS rT 

i ieiiiee: Be MA VAIL so 

PRUIPEVIRELAWIINRs8QSZ4 
TIIRS 


got Ut LL NGA 


10 100 1K 10K 100K 10M 
FREQUENCY (Hz) 


FIGURE 4. OPEN LOOP FREQUENCY AND PHASE RESPONSE 


> 
o 
HASE (DEGREES) 


g 
P 


OPEN LOOP VOLTAGE GAIN (dB) 
nD 
° 


oS 
_ 
o 
oS 


210 
100M 


NORMALIZED VALUE REFERRED TO +15V 


SUPPLY VOLTAGE (V) 


FIGURE 6. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 
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HA-2400, HA-2404, HA-2405 


Typical Performance Curves (Continued) 


tt Ree ae tty b—j 
Se Goose ® OpF il 


Ccomp = 15pF ||, 
| 


OUTPUT SWING (Vp.p) 


-55 50 -25 0 #25 +50 +75 +100 +125 y glad 100K 10M 
TEMPERATURE (°C) FREQUENCY cr 
FIGURE 7. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE FIGURE 8. OUTPUT VOLTAGE SWING vs FREQUENCY 
= | 
qq”) 
10 = 1000 10 afi 
. fee Hii Satiti eetitiimeeatimtil i ES 
] Hitt i Att sie ATT lz cs a 
< 2 
& 10 10k SOURCE RESISTANCE syle S ies SCCM , 2 bee 
: eS ui att ¢ SPARS SHH Say 
re} rai mauit.. | nT 
2 Hee Se SoS Se malian 8 
S10 neem al a is ace 
Si | kl : 
CO oa it eit 5 Sait emati Soo or oe 
per THERMAL NOISE OF 10K RESISTOR | 25 
0.1 | CT TTC Co on 
100Hz 1kHz 10kHz 100kHz 1MHz 100 1K 10K 100K 
een ene ao a ESIC 0 ren 
FIGURE 9. EQUIVALENT INPUT NOISE vs BANDWIDTH FIGURE 10. INPUT NOISE vs FREQUENCY 


COMP 


SELECTED 
CHANNEL 


5Q 


FIGURE 11. SLEW RATE AND TRANSIENT RESPONSE 
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HA-2400, HA-2404, HA-2405 


Typical Applications 


DIGITAL 
CONTROL 


DIGITAL 
GROUND 


Fa 
a2 
ia 


| 
1 
Sample Charging Rate = aov/ Sec 


| 
2 
500 Hold Drift Rate = evs Sec 
500 Switch Pedestal Error = A Volts 
= |, = 150 x 10%A 
-9 
FIGURE 12. HA-2400 AMPLIFIER, NONINVERTING lp = 200 x 10°°A at +25°C 


PROGRAMMABLE GAIN = 600 x 10°°A at -55°C 
= 100 x 10°%A at +125°C 


Q =2x 10°? Coulomb 


FIGURE 13. HA-2400 SAMPLE AND HOLD 


For more examples, see Harris Application Note 514 
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ohne HA-2406 


Digitally Selectable Four Channel 


March 1993 Operational Amplifier 
Features Description 
¢ TTL Compatible Inputs . The HA-2406 is a monolithic device consisting of four op 


amp input stages that can be individually connected to one 
output stage by decoding two TTL lines into four channel 


Single Capacitor Compensation 


e Low Crosstalk .......-.-seeeeeeeeeereeeee -1104B = select signals. In addition to allowing each channel to be 
e High Slew Rate... 2... cence cccccccccces 20V/is addressed, an enable control disconnects all input stages 
© Low Offeet Currant «oie ccc ce cbbwc cas ce sem 5nA from the output stage when asserted low. 
PEE ce cell ccs ee cess 7mv_ Each input-output combination of the HA-2406 is designed 
to be a 20V/us, 30MHz gain-bandwidth amplifier that is 
¢ High Gain-Bandwidth .......-...-..++eee. SOMHz stable at a gain of ten. By connecting one external 15pF 
¢ High Input Impedance............ceeeeecees 30MQ_ capacitor all amplifiers are compensated for unity gain 
operation. The compensation lead may also be used to limit 
Applications the output swing to TTL levels through suitable clamping 


diodes and divider networks (see Application Note 514). 


¢ Digital Control Of: GS BGO eet an 
~ Analog Signal Multiplexing Dielectric isolation and short-circuit protected output stages z G 
contribute to the quality and durability of the HA-2406. =i 
- Op Amp Gains When used as a simple amplifier, its dynamic performance oer 
- Oscillator Frequencies is very good and when its added versatility is considered, ni 
- Filter Characteristics the HA-2406 is unmatched in the analog world. It can 5 < 
- Comparator Levels replace a number of individual components in analog signal 
conditioning circuits for digital signal processing systems. 
e For Further Design Ideas See Application Note 514 Its advantages include saving board space and reducing 3 


power supply requirements. 


Ordering Information 


[PARTNUMBER | TEMP. RANGE | PACKAGE 


Pinout 


HA-2406 
(PDIP, CDIP, 300 mil SOIC) 
TOP VIEW 


TRUTH TABLE 


SELECTED 
CHANNEL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2892.1 
Copyright © Harris Corporation 1993 2-284 


Specifications HA-2406 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Between V+ and V- Terminals............. 45.0V Operating Temperature Range: 

Differential Input Voltage. ........... 02. cece cece eee ee Vsuppiy HAGA cess pices spe ea ue taN eens 0°C < Ta $ +75°C 
Output Current............ Short Circuit Protected (Igg < +33mA) ge ara ER CTeO PEPIN TEETER Se ES eee ~40°C < T, < +85°C 
WUNCTION TOMpPOrature 6666S S EGG ek cee veces +175°C Storage Temperature Range............... -65°C < Ty < +150°C 
Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions: Vsyppry = 15.0V, Unless Otherwise Specified. Digital Inputs: Vy, = +0.5V, Vin = +2.4V. 
Limits apply to each of the four channels, when addressed. 


HA-2406-5, -9 LIMITS 
PARAMETER TEMPERATURE | MIN TYP | MAX 


INPUT CHARACTERISTICS 


fees 
Pee 
Bias Current (Note 12) +25°C Eee es 
re 

Offset Current (Note 12) ite Pee ee 
oe 

: eee es 


7 mV 


3 
< 


ot eae 100 
ese: 
saber 

iced 


TRANSFER CHARACTERISTICS 


Vv 
Large Signal Voltage Gain (Notes 1, 5) +25°C kV/V 


i 
[Conmon ode Rajeaon Pato Woe?) «| rad 
[can banawan oes) —————SSSCiCSCCd 


OUTPUT CHARACTERISTICS 


foupu Curent ———SSCSCSC~iC‘“‘tSSC*d Ct 

[Fa PoverBandwan Noosas 1a 1) | __ese—~d—a 

Fa PowerBanawan ioes4s.1 | sc | a | «| 
es 


TRANSIENT RESPONSE (Note 16) 
ise Tne Noes 48 


TL 
SowFate nowes7.79) —SSSC*dSCSCCt 
[Sowrate Nowea 7) SC*dCCs 
Seting Tine Woes 4.7.8.1) ——SSCiYSCSCa 
Digan Curen n=O) dd 

Dita np Curent yas) dd 
foun deay tweets) *d 


in 
fe cle Cin ole MS 
sa 8 


3 


2-282 


Specifications HA-2406 


Electrical Specifications Test Conditions: Vsyppry = 15.0V, Unless Otherwise Specified. Digital Inputs: Vj. = +0.5V, Viy = +2.4V. 
Limits apply to each of the four channels, when addressed. (Continued) 


HA-2406-5, -9 LIMITS 
PARAMETER TEMPERATURE 


Ry = 2kQ. 

. Vow = t5VDC. 

. Ay =+10, Coomp = 0, Ry = 2kQ, C, = SOpF. 

. Ay = +1, Coomp = 15pF, Ry = 2kQ, C, = SOpF. 
. Vout = 20V peak to peak. 

. Vout = 200mV peak to peak. 

. Vout = 10.0V peak to peak. 

. To 0.1% of final value. 

. To 10% of final value; output then slews at normal rate to final value. 
. Unselected input to output; Viy = +10VDC. 

. Vsuppry = t10VDC to +20VDC. 


—_ 
=“-O0O0 ON DO F&F WN = 


OPERATIONAL 
AMPLIFIERS 


12. Unselected channels have approximately the same input parameters. 
13. Voyr = +10V. 

see Slew Rate 
14. Full power Bandwidth based on slew rate measurement using: FPBW = aay 
15. Sample tested. PEAK 


16. See Figure 11 for test circuit. 


Schematic Diagram 


IN- © COMP 
Ha Sk one sek EE +Vcc 


4: mee) Seine 
tle Tae PSE 
mreil Iriya. F: =a eet ae7) 17 (095, 


ere ieee 


cSt = ase 
ee dy ee 
naan 
i 


14 | Stes Teed Sas 
4K 10K 
R9 R15 
Q16 115K 10K 
DO ¢@ 0 D1 


Diagram Includes: One Input Stage, Decode Control, Bias Network, and Output Stage 


fa saa ae eee 


TO ADDITIONAL 
INPUT STAGES 
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HA-2406 


Typical Performance Curves 
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FIGURE 1. INPUT BIAS CURRENT AND OFFSET CURRENT vs 
TEMPERATURE 
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FIGURE 3. POWER SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 5. FREQUENCY RESPONSE vs Ccoup 
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FIGURE 4. OPEN LOOP FREQUENCY AND PHASE RESPONSE 


NORMALIZED VALUE REFERRED TO +15V 
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FIGURE 6. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 
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HA-2406 


Typical Performance Curves (Continued) 
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FIGURE 7. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 
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FIGURE 9. EQUIVALENT INPUT NOISE vs BANDWIDTH 
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OUTPUT SWING (Vp.p) 
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FIGURE 8. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 10. INPUT NOISE vs FREQUENCY 


FIGURE 11. SLEW RATE AND TRANSIENT RESPONSE 
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NOISE CURRENT (pA//iz) 


INPUT 


1 0.01 
1 10 100 1K 10K 100K 


OPERATIONAL 
AMPLIFIERS 


HA-2406 


Typical Applications 


) 


IN 
; as 
ieee cere ae 
GROUND 
- SF Bande CONTROL 
Sie 
io DIGITAL 
Gi GROUND 
Cab 
i 
t3 De 
yg Oe 
Pp V- =" \, 
Sample Charging Rate = > vV/Sec 


Hold Drift Rate = av/ Sec 


Switch Pedestal Error = = Volts 


500 |, = 150 x 10%A 

I, = 200 x 10°A at +25°C 
= 600 x 10°°A at -55°C 
= 100 x 10°°A at +125°C 

pai Q =2x 10°'? Coulomb 


FIGURE 12. HA-2406 AMPLIFIER, NONINVERTING FIGURE 13. HA-2406 SAMPLE AND HOLD 
PROGRAMMABLE GAIN 


For more examples, see Harris Application Note 514 
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FARRIS 


SEMICONDUCTOR 


HA-2444 


Selectable, Four Channel 
Video Operational Amplifier 


ao 


March 1993 


Features 


¢ Digital Selection of Input Channel 
Unity Gain Stability 
¢ Gain Flatness to 10MHZ.............00 00000. 0.1dB 


Description 


The HA-2444 is a channel-selectable video op amp 
consisting of four differential inputs, a single-ended output, 
and digital control circuitry allowing two digital inputs to 
activate one of the four differential inputs. The HA-2444 also 


+ ROL GOIN eas « ie s-uycs kas ncbeenccqe 0.038% includes a high impedance output state allowing the outputs 
¢ Differential Phase.............0c cece cece cece 0.03° of multiple HA-2444s to be wire-OR’d. Functionally, the 
e Fast Channel Selection ...............eeee005 60ns HA-2444 is equivalent to four wideband video op amps and 
e Crosstalk Rejection ...........cccceccccceees 60dB ens 

Unlike similar competitor devices, the HA-2444 is not 
Applications restricted to multiplexing. Any op amp configuration can be 


e Video Multiplexer 

¢ Programmable Gain Amplifier 

¢ Special Effects Processors 

e Video Distribution Systems 

e Heads-up/Night Vision Displays 
¢ Medical Imaging Systems 

e Radar Video 


Ordering Information 


[women | "mance | packace 
NUMBER RANGE 


used with any of the inputs. Signal amplification, addition, 
integration, and more can be put under digital control with 
broadcast quality performance. 


The key video parameters of the HA-2444 have been 
optimized without compromising dc performance. Gain 
Flatness to 10MHz is only 0.1dB. Differential gain and phase 
are typically 0.03% and 0.03 degrees, respectively. Laser 
trimming allows offset voltages in the 4.0mV range and a 
unique common current source design assures minimal 
channel-to-channel mismatch, while maintaining 60dB of 
crosstalk rejection at 5MHz. Open loop gain of 76dB and low 
input offset and bias currents enhance the performance of 
this versatile device. 


For information about military grade devices, please refer to 
the HA-2444/883 data sheet. The HA-2444/883 devices are 
offered in Ceramic DIP and Ceramic Flatpack packages. 


Pinout 


HA-2444 
(PDIP, 300mil SOIC) 
TOP VIEW 


Logic Operation 
TRUTH TABLE 


SELECTED 
CHANNEL 


Low State (0.8V Max.) 


L= 
H = High State (2.4V Min.) 
X = Don’t Care 


OPERATIONAL 
AMPLIFIERS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 2490.5 


Specifications HA-2444 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Between V+ and V- Terminals....... 35V (+17.5V) Operating Temperature Range 

Differential input VoltaQe 2.2 65 os Fie ee Sd. ek ca cee cence 6V aos ce as we as es 0°C < Ty $ +75°C 

Peak (Short Duration) Output Current .................... +40mA REE OUI. 6 5 oi vile SSS sere Eee as -40°C < Ty s +85°C 

JUNCTION: TOMPOFANNS 25.855 ee a bec due sc wae Doce ceenes +175°C Storage Temperature Range............... ~65°C < Ty S$ +150°C 

Junction Temperature (Plastic Package) ............... +150°C Thermal Package Characteristics (°C/W) Ba Bjc 

Lead Temperature (Soldering 10 Sec.)..............4.. +300°C Plastic DIP Package ............... 88 27 
SIH TNO 6 o<i'6 ca va heey cheba e's 96 26 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, V- = -15V, R, = 1kQ, C, < 10pF, Vi, = 0.8V, Vy, = 2.4V. Unless Otherwise Specified. 
Specifications Apply to All Channels. 


INPUT CHARACTERISTICS 


pote nmr st we ge aun oboe ag+ | ——] 
Full 


25°C 
125° 
“250 
125° 


TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 3) 


+11.5 


~y 
a 
g 
é 
.?) 
Cc 
3 
i) 
= 
+ 
we) 
oO 
() 
Cis 
< = 
sis!/<is 


“ 
Lo) 


Bi couse vow Sosa 

Bae ahs eS 
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Unity Gain Bandwidth (Notes 2, 5) te ee ee 
Gain Bandwidth Product (Note 5) eS aes 
Phase Margin (Note 2) 1 aes S 
Gain Margin (Note 2) 12 425 || ee 
OUTPUT CHARACTERISTICS 


Output Voltage Swing (R,, = 1kQ) +10 +11 
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TRANSIENT RESPONSE 


Rise Time (Notes 2, 7) 
Overshoot (Notes 2, 7) 


‘| 
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Specifications HA-2444 


Electrical Specifications V+ = +15v, V- = -15V, R, = 1kQ, C, < 10pF, Vi, = 0.8V, Vy, = 2.4V. Unless Otherwise Specified. 
Specifications Apply to All Channels. (Continued) 


eiiamsleconmegtin | we | NP ee 


[Sownat Nows2) SSCS Yo to 


Settling Time to 0.1% of +10V Output (Note 8) +25°C 
SWITCHING CHARACTERISTICS 


Pare [oo le a 

OuputenabieTme WoT) CY TdT OO 
Dial Input Volages vi bes <M I Te Ma an fas 
DOD inp Curent ae ee a 
ao a ee 

EN input Garon VC a 
Women| ne || ie 

[GresstakRejecion Now) —SCSC~C=‘“‘;CS;S*C*dC CTC] 


VIDEO PARAMETERS 

Differential Phase (Note 14) 

Differential Gain (Note 14) 

Gain Flatness (Notes 2, 13) (10MHZz) 
Chrominance to Luminance Gain (Note 14) 


OPERATIONAL 
AMPLIFIERS 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


g 
3 


Howe 


Chrominance to Luminance Delay (Note 14) 
POWER SUPPLY 


cc 


Full 


Full 
Full 


Supply Current (Output Disabled) (Note 19) 
PSRR (Note 15) 


NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily implied. 


Ay = +1. 

. Vout = t5V. 

Vom = t5V. 

; Vout = +100mvV. 

. Full Power Bandwidth is calculated by: FPBW = 
. Vout = 0 to +200mvV. 

. Settling time to 0.1% with a 10V step. Specified with the channel pre-selected and the output stage enabled. Ay = -1. 
. Vout= -5V to +5V or +5V to -5V. 


. The time required for an enabled HA-2444 to switch from one input channel to another. Measured from the 50% point of the digital input 
to 50% of the output. Ay = +1 for all channels. Voy7 switches from OV to 5V. 


11. The time required to enable the output with a channel preselected. Measured from the 50% point of the Enable input to 4V on the output. 
Ay = +1 for all channels. Vi, = 5V for the selected channel. 


12. Vin = 5Vp-p, fo = 5MHz, for one of the 3 unselected channels. Vj, = 0 for the selected channel. Ay = +1 for all channels. 
13. Vin = 200MVpys.- 

14. Tested with a VM700A video tester using a NTC-7 Composite input signal. 

15. Vg = +15V to +20V. 

16. These parameters are not tested. The limits are guaranteed based on lab characterization and reflect lot to lot variation. 
17. Voyr = t10V, Ven = 2.4V, 50% Duty Cycle max. 

18. Voyt = t5V, Ven = 0.8V. 

19. Applies to log and leg. Vout = OV, Ven = 0.8V. 


Slew Rate 
: = 5V 
» “PEAK ‘ 
2nV DEAK 


CONAN AWD 
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HARRIS HA-2500, HA-2502 
SEMICONDUCTOR HA-2505 


Precision High Slew Rate 


March 1993 Operational Amplifiers 
Features Description 
¢- High Slew Rate. fii cis os cei cc cesweres 30V/us HA-2500, HA-2502, HA-2505 comprises a series of mono- 
é- Fast GaWUnGcorcciceriscccic icc ccvirensds 330ns _ lithic operational amplifiers whose designs are optimized to 
deliver excellent slew rate, bandwidth, and settling time 
& Wite Power Bandwidtitirs <..3<svecrereyr es ee specifications. The outstanding dynamic features of this 
¢ High Gain Bandwidth. ................e000- 12MHz internally compensated device are complemented with low 
e¢ High Input Impedance...............00c000. 50MQ_ Offset voltage and offset current. 
e Low Offset Current ............0eeeeeeeeeeee 10nA These dielectrically isolated amplifiers are ideally suited for 
¢ Internally Compensated For Unity Gain Stability applications such as data acquisition, R.F., video, and pulse 
conditioning circuits. Slew rates of +30V/us and 330ns 
Applications (0.1%) settling time make these devices excellent 
components in fast, accurate data acquisition and pulse 
¢ Data Acquisition Systems amplification designs. 12MHz small signal bandwidth and 
° R.F. Amplifiers 500kHz power bandwidth make these devices well suited to 


3 R.F. and video applications. With 2mV typical offset voltage 

Video Amplifiers plus offset trim capability and 10nA offset current, HA-2500, 
e Signal Generators HA-2502, HA-2505 are particularly useful components in 
¢ Pulse Amplification signal conditioning designs. 


The gain and offset voltage figures of the HA-2500 series 
are optimized by internal component value changes while 
the similar design of the HA-2510 series is maximized for 
slew rate. 


Ordering Information 


[PARTNUMBER | TEMP. RANGE | PACKAGE 
Traz-2s002 | -se°Ct0 +1050 [Pn T0-00 Gan 
raaz2c02-2 | 65°10 +1050 | ePinT0-00Can 
C10 175°C 


Mil-Std-883 product and data sheets are available upon 
request. 


Pinouts 
HA-2500/02 (CDIP) HA-2505 HA-2500/02/05 
HA-2505 (PDIP, CDIP) (PLCC) (TO-99 CAN) 
TOP VIEW TOP VIEW TOP VIEW 
a 
= 
9z¢28¢ 
3] [2] fr iE 
NC [4] 18 NC 
4n (2) 
4N {5 7] V+ 
NC [6] NC 
+IN 15] OUT 
NC /8) 1 4i NC 


9 | i) 13) 
ro} 3) a) 
z z z 


3 
3 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. File Number 2 890.1 
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Specifications HA-2500, HA-2502, HA-2505 


Absolute Maximum Ratings (Note 6) Operating Conditions 

Supply Voltage Between V+ and V- Terminals.............. 40V Operating Temperature Range 

Dirtorenitial Input VOUROG. i655 cons cov bes oo as ban v ese Se 15V MA -CROG SOs. ace las Hes ca cave -55°C < Ty s +125°C 
POM CAOUE GC IRIGIG, ons i'n3 6 0k 0’ noe eo bk ees wee 50mA PEGS i iis NE ea os ode ee 0°C < Ty < +75°C 
SCUON TOIDINAIING .. soca reac ccs ccsstocedces cecet +175°C Storage Temperature Range............... -65°C < Ty < +150°C 
Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)............0008- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Patings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15V, V- =-15V DC 


[__Hazs002 [| __WA2s022 | _HA?S055 
remp | min] T¥P | wax | win] TP | wax] MIN | TYP | MAX | UNrTS 


INPUT CHARACTERISTICS 
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Input Resistance (Note 10) 
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Common Mode Range 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 1, 4) 


+25°C 


Common Mode Rejection Ratio 
(Note 2) 


Gain Bandwidth Product (Note 3) 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) 
Output Current (Note 4) +25° 
Full Power Bandwidth (Note 4, 11) +25°C 
TRANSIENT RESPONSE 

Rise Time (Notes 1, 5, 7 and 8) 
Overshoot (Notes 1, 5, 7 and 8) 

Slew Rate (Notes 1, 5, 8 and 12) 


Settling Time to 0.1% +25°C 
(Note 1,5, 8 and 12) 


POWER SUPPLY CHARACTERISTICS 
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NOTES: 

1. RL =2kQ 7. Vo = +200MmV 

2. Voy = +10V 8. See Transient Response Test Circuits and Waveforms. 

3. Ay> 10 9. AV=+5V 

4. Vo = 110V 10. This parameter value is based on design calculations. 

5. C, = 50pF 11. Full Power Bandwidth guaranteed based on slew rate 

6. Absolute Maximum Ratings are limiting values, applied individually, measurement using: FPBW = Slew Rate/2nVpe ax 

beyond which the serviceability of the circuit may be impaired. 12. Vour = t5V. 
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OPERATIONAL 
AMPLIFIERS 


HA-2500, HA-2502, HA-2505 


Schematic 


- INPUT © 


MEE NM oc, blo cia ke kc ag baud Ove 

CTE Cs cs sa cs eee b ces coe b come 

Substrate Potential 

UN ary eaten ck hele ne oo eee Cad cared Rt 

Thermal Constants (°C/W) Oya 
Re a a a tae ots 117 
PRN LPS jn. «caso, bid ceceanih-ocene.a.0.6 96 
Ceramic Mini-DIP ..............0008- 115 
NE Rashes, os. bo 4 isin wi'5 a bias wie DR oe 6 74 


Bipolar-DI 


Bc 
36 


s, SETTLING TIME 
TEST POINT 


CR2 


e Ay = -1 
¢ Feedback and Summing Resistor Ratios should be 0.1% 
matched. 


¢ Clipping Diodes CR1 and CR2 are optional. HP5082-2810 
recommended. 
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HA-2500, HA-2502, HA-2505 


Test Circuits 
+5V +200mV 
INPUT 
5V | 3 M | INPUT 
$V 00S —eEEEEe Oe — OmV 
90% 


OUTPUT 10% ; OO POS EE Se SSO on weeageneaaspeee 
By 2 S--- | ERROR BAND FO RET th pt ee Ep eee ee 
TT) ea SLEW 1 +10mV FROM 90% ---- 

soe ae ' RATE FINAL VALUE OUTPUT ‘ 

ae ‘sz AV/AT | nS 2 

Omv ae 

SETTLING _— 
TIME ri ae RISE TIME 
FIGURE 1. SLEW RATE AND SETTLING TIME FIGURE 2. TRANSIENT RESPONSE 


NOTE: Measured on both positive and negative transitions from OV to +200mv and OV to -200mV at the output. 


2kQ 50pF 
2 OUT 


FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE FIGURE 4. SUGGESTED Vo, ADJUSTMENT AND 


MP ATION H P 
NOTE: Measured on both positive and negative transitions from OV mca icles) cl whi mi Ce 
to +200mv and OV to -200mV at the output. Tested offset adjustment range is |Vog + 1mVI minimum referred to 
output. Typical ranges are +6mV with Ry = 20kQ 


Typical Performance Curves _ \+ = +15v0C, V- = -15VDC, T, = +25°C, Unless Otherwise Specified 
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FIGURE 5. INPUT BIAS AND OFFSET CURRENT vs. FIGURE 6. EQUIVALENT INPUT NOISE vs. BANDWIDTH 
TEMPERATURE (With 10Hz High Pass Filter) 
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OPERATIONAL 
AMPLIFIERS 


HA-2500, HA-2502, HA-2505 


Typical Performance Curves __v+ = +15VDC, V- = -15VDC, T, = +25°C, Unless Otherwise Specified (Continued) 


NORMALIZED PARAMETERS REFERED 
TO VALUES AT +25°C 


50 -25 0 +25 +50 +75 
TEMPERATURE (°C) 


+100 +125 


FIGURE 7. NORMALIZED AC PARAMETERS vs TEMPERATURE 


NORMALIZED PARAMETERS REFERED 
TO VALUES AT +15V 


SUPPLY VOLTAGE (+V) 


FIGURE 9. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE AT +25°C 
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FIGURE 8. OPEN LOOP FREQUENCY AND PHASE RESPONSE 
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OPEN LOOP VOLTAGE GAIN (dB) 
° S 


FIGURE 10. OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 


NOTE: External compensation components are not required for 


stability, but may be added to reduce bandwidth if desired. 
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HA-2500, HA-2502, HA-2505 


Typical Performance Curves + =+15vDC, V- = -15VDC, T, = +25°C, Unless Otherwise Specified (Centinued) 
gg EE 
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OUTPUT VOLTAGE SWING (Vp.p) 


FIGURE 11. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE FIGURE 12. OUTPUT VOLTAGE SWING vs FREQUENCY 
AT +25°C 
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50 -25 0 +25 +50 +75 +100 +125 
TEMPERATURE (°C) 

FIGURE 13. POWER SUPPLY CURRENT vs TEMPERATURE FIGURE 14. VOLTAGE FOLLOWER PULSE RESPONSE 
R, = 2kQ, C, = 50pF Vertical = 5V/Div. 
Upper Trace: Input Horizontal = 200ns/Div. 


Lower Trace: Output Ta = +25°C, Vg = +15V 
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muarRis  HA-2510, HA-2512 
SEMICONDUCTOR HA-2515 


March 1993 High Slew Rate Operational Amplifiers 

Features Description 

e High Rate Slew. ..........ce cence ececcces 60V/us HA-2510/12/15 are a series of high performance operational 
amplifiers which set the standards for maximum slew rate, 

¢ Fast Settling .....-...-seeeeseeseeeeeeenees 250NS highest accuracy and widest bandwidths for internally com- 

e Wide Power Bandwidth............-..e+- 1,000kHz Pensated monolithic devices. In addition to excellent 
dynamic characteristics, these dielectrically isolated amplifi- 

e High Gain Bandwidth. ..........----2++e0es 12MHz ers also offer low offset current and high input impedance. 

¢ High Input Impedance..............2eeeee: 100MQ The +60V/us slew rate and 250ns (0.1%) settling time of these 
amplifiers is ideally suited for high speed D/A, A/D, and pulse 

e Low Offset Current ...........cccceecccccees 10nA amplification designs. HA-2510/12/15’s superior 12MHz gain 


bandwidth and 1000kHz power bandwidth is extremely useful 
in R.F. and video applications. For accurate signal conditioning 
these amplifiers also provide 10nA offset current, coupled with 


e Internally Compensated for Unity Gain Stability 


Applications 100MQ input impedance, and offset trim capability. 
° Data Acquisition Systems Mil-Std-883 product and data sheets are available upon request. 
¢ R.F. Amplifiers Ordering Information 


e Video Amplifiers 


PARTNUMBER | TEMP.RANGE | PACKAGE 
HA2-2510-2 -55°C to +125°C 
HA2-2512-2 -55°C to +125°C 


e Signal Generators 


e Pulse Amplification 


a Pin Can 
@ Load Plastic DIP 
8 Lead Ceramic DIP 


Pinouts Schematic 


HA-2510/12 (CDIP) 
HA-2515 (PDIP, CDIP) 
TOP VIEW 


0 BAL 
R6 R8 V+ 
[ Sse 
R7 |R10 
.8KI1.8K4 
Q6 Qs 


7 


HA-2510/12/15 (TO-99 CAN) ais 
TOP VIEW COMP 


COMP +IN Q38 Q39 
1.68K 1.68K 


Q33 
«IN ¥ 
V- 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2 893.1 
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Specifications HA-2510, HA-2512, HA-2515 


Absolute Maximum Ratings (Note 6) Operating Conditions 

Voltage Between V+ and V- Terminals..............0000- 40.0V Operating Temperature Range 

OitferenWal Input VOUROB... 67 EP ers cccccae cect ucvecees 15V ae SE 6 a aie lv G48 it.) ¥ oe 60 Hae ee -55°C < Ta S$ +125°C 
PO CI CUI io oa eed oek.dc cb nau Sen Wacecesees 50mA BESO soon aie coc oe va Ges sh oe O°C < Ty < +75°C 
Junction Temperatutes 523s. bc eweewerrereser eww +175°C Storage Temperature Range............... -65°C < Ty < +150°C 
Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15VDC, V- = -15VDC 
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INPUT CHARACTERISTICS 
Offset Voltage 
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Offset Voltage Average Drift 
Bias Current 
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Input Resistance (Note 10) 
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Common Mode Range 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Notes 1, 4) 
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OPERATIONAL 
AMPLIFIERS 


2) 


rg 
Common Mode Rejection Ratio (Note 2) 
Gain Bandwidth Product (Notes 3) 
OUTPUT CHARACTERISTICS 


[ouput vonage Swing Nowe) [Fal 
TRANSIENT RESPONSE 


Settling Time to 0.1% (Notes 1, 5, 8, 12) 
POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio (Note 19) | Full | 
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NOTES: 
1. Rp =2kQ 7. Vo = +200mV. 
2. Voy = t10VDC 8. See Transient Response Test Circuits and Waveforms. 
3. Ay >10. 9. AV =+5V. 
4. Vo = +t10V. 10. This parameter value is based on design calculations. 
5. C, = 50pF. 11. Full Power Bandwidth guaranteed based on slew rate measure- 
6. Absolute Maximum Ratings are limiting values, applied individual- ment using: FPBW = Slew Rate/2nVpeax. 


ly, beyond which the serviceability of the circuit may be impaired. 12. Voy7 = +5V. 
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HA-2510, HA-2512, HA-2515 


Die Characteristics 

rancitet Cou... Ss See Re 40 

Died DIMONSIONS «2. kt cee 57 x 65 x 19 mils 

Substrate Porertiel 0 cece Unbiased 

Pr 5 6l0 ob See ics 2 cs 0 8 8 Oho EA Bipolar-Di 

Thermal Constants (°C/W) Osa Bic 
NE a nek awee 117 36 
Plastic Mini-DIP . .. . oo ec ee 96 34 
Ceramic Mini-DIP............... 115 36 


Settling Time Circuit 


1pF 
. SETTLING TIME 
TEST POINT 
2kQ CRI ¥ CR2 
e Ay =-1 


¢ Feedback and summing resistor ratios should be 0.1% matched. 
¢ Clipping diodes CR1 and CR2 are optional. HP5082-2810 recom- 
mended. 


Test Circuits 


-<<-=-53-=<- 


Seweeeresceceseeseses ee 
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“al vanenee A O% : ERROR BAND 
cienetr st ms SLEW | +10mV FROM 
' RATE , FINAL VALUE 

: } = AV/AT : 

SETTLING 
TIME 


FIGURE 1. SLEW RATE AND SETTLING TIME 
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FIGURE 2. TRANSIENT RESPONSE 


NOTE: Measured on both positive and negative transitions from OV to +200mV and OV to -200mV at the output. 


FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 


NOTE: Measured on both positive and negative transitions from 0V 
to +200mV and OV to -200mvV at the output. 


> OUT 


FIGURE 4. SUGGESTED Vo, ADJUSTMENT AND COMPENSA- 
TION HOOK UP 


Tested offset adjustment range is IVog + imVI minimum referred to 
output. Typical ranges are t6mV with Ry = 20kQ 
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HA-2510, HA-2512, HA-2515 


Typical Performance Curves 


4.4 
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= 2kQ, C, = 50pF Vertical = 5V/Div. 
+75 +100 +125 Upper Trace: Input Horizontal = 200ns/Div. 
56 TEMPERATURE (°C) Lower Trace: Output = T, = +25°C, Vg = +15V 
FIGURE 5. POWER SUPPLY CURRENT vs TEMPERATURE FIGURE 6. VOLTAGE FOLLOWER PULSE RESPONSE 
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HA-2510, HA-2512, HA-2515 


Typical Performance Curves (Continued) 
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mie war 


NORMALIZED PARAMETERS 
REFERRED TO VALUES AT +15V 


SUPPLY VOLTAGE (V) 


FIGURE 11. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE AT +25°C 
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Vsuppiy = t15V 
Vsuppiy 2 +10V 
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TEMPERATURE (°C) 
FIGURE 13. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 
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FIGURE 12. OPEN LOOP GAIN RESPONSE FOR VARIOUS VAL- 
UES OF CAPACITORS FROM COMPENSATION 
PIN TO GROUND 
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FIGURE 14. OUTPUT VOLTAGE SWING vs FREQUENCY AT +25°C 
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Gy FARRIS 


SEMICONDUCTOR 


HA-2520, HA-2522 
HA-2525 


Uncompensated High Slew Rate 
Operational Amplifiers 


March 1993 

Features Description 

© a) SIO PRONG a aia. ib wiesainse-w. hie minstdcesuneaiice-s 120V/us HA-2520/2522/2525 comprise a series of monolithic opera- 
tional amplifiers delivering an unsurpassed combination of 

¢: Peet Sete ie g-t0 err ew eneenirersst 200ns specifications for slew rate, bandwidth and settling time. These 

e Wide Power Bandwidth.......ccccsscseceees 2MHz _ dielectrically isolated amplifiers are controlled at close loop 
gains greater than 3 without external compensation. In addition, 

e High Gain Bandwidth (Ay 3) SEO EEE EE 20MHz these high performance components also provide low offset 

e High Input Impedance.............ceeeeees 100MQ_— Current and high input impedance. 

ee: 6° 64). et aE SE leery aI 10nA 120V/us slew rate and 200ns (0.2%) settling time of these 
amplifiers make them ideal components for pulse amplification 

A pp lications and data acquisition designs. These devices are valuable com- 


e Data Acquisition Systems 
e R.F. Amplifiers 

e Video Amplifiers 

¢ Signal Generators 

e Pulse Amplification 


Pinouts 
HA-2520/22 (CDIP) 
HA-2525 (PDIP, CDIP, SOIC) 
TOP VIEW 


ponents for R.F. and video circuitry requiring up to 2OMHz gain 
bandwidth and 2MHz power bandwidth. For accurate signal 
conditioning designs the HA-2520/2522/2525’s superior 
dynamic specifications are complemented by 10nA offset cur- 
rent, 100MQ input impedance and offset trim capability. MIL- 
STD-883 product and data sheets are available upon request. 


Ordering Information 


"PART NUMBER | TEWP.RANGE | PACKAGE 
Traz2sc02 | e010 1125 [@PinCan 
[naz-2sa22 | -ss°Cto +1250 [ePincan 


HA-2520/22/25 
(TO-99 METAL CAN) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2894.1 


Copyright © Harris Corporation 1993 
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OPERATIONAL 
AMPLIFIERS 


Specifications HA-2520, HA-2522, HA-2525 


Absolute Maximum Ratings (Note 13) Operating Conditions 

Supply Voltage (Between V+ and V- Terminals)............ 40.0V Operating Temperature Range 

Differential input Voltage... i:4 cs Bas diesic's ss 695 sp hewideb ses 15.0V PE Nee ops eer Re yea aes -55°C < Ty S$ +125°C 

CPM e MINN oo ea oe ooo cha oe Cs na vo ween ER V ES 50mA FNS ES 5 vk xs sa ees Sa REED 0°C < Ty < +75°C 
URI lemperetites 3235 2S EFS... ee cece cce es +175°C Storage Temperature Range............... -65°C < Ty, < +150°C 

Junction Temperature (Plastic Package) ............065 +150°C 

Lead Temperature (Soldering 10 Sec.)...............6- +300°C 


Electrical Specifications = V+ =+15VDC, V-=-15VDC 


[_nacszozumirs | _nazerezcmirs | _WAzSiSS UMTS — 


INPUT CHARACTERISTICS 
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TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 
(Notes 1, 4) 
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Common Mode Rejection Ratio 
(Note 2) a) 
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Gain Bandwidth (Notes 3, 12) +25°C 
Minimum Stable Gain 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) 

Output Current (Note 4) 


Full Power Bandwidth 
(Notes 4, and 10) 


TRANSIENT RESPONSE (Ay 
Rise Time (Notes 1, 5, 6, and 8) 


Overshoot (Notes 1, 5, 6, and 8) 
| +25°C | 
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Slew Rate (Notes 1, 5, 8, and 11) 
Settling Time (Notes 1, 5, 8, 11) 
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Specifications HA-2520, HA-2522, HA-2525 


Electrical Specifications = V+=+15VDC, V- =-15VDC eee 


POWER SUPPLY CHARACTERISTICS 


/SupplyCurent /SupplyCurent | +25°C | 


Power Supply Rejection Ratio — 
(Note 7) 


NOTES: 


4 
~ Vow = t10V 

. Ay> 10 

. Vo = +10.0V 

. C, = 50pF 

» Vo = t200mV 

. AV=+5.0V 

. See Transient Response Test Circuits and Waveforms. 

. This parameter value is based on design calculations. 

. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = : 
. Vout = t5V PEAK 

. Guaranteed by design. 

. Absolute Maximum Ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
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Schematic Diagram 


R, = 2ka 


Slew Rate 
2nV 


AMPLIFIERS 


tional operation under any of these conditions is not necessarily implied. 


OPERATIONAL 
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2 e 


an Ean eat pen 


2-303 


HA-2520, HA-2522, HA-2525 


Die Characteristics 


+1.67V 
INPUT | | 
-1.67V 
+5V . } 
ERROR BAND 


+10mV FROM 
FINAL VALUE 


' 
’ 
-5V .---- : 
' 
' 


= AV/AT 


ee ee ent 


FIGURE 1. SLEW RATE AND SETTLING TIME 


FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 


Settling Time Circuit 


Transistor Count ieiririeriwss cheese eng rienesr errr. 1pF 
(HO EANONMO oi. eb a Pee dase eV hep sen 57 x 67 x 19 mils 
SHIDO U RUE POUND 6 ccc c cvce reece nscesevesiowiety is Unbiased 
Ss a iat nian Bipolar-Dl 
Thermal Constants (°C/W) O54 Bic oliveuir 
ME REMEY ios Sa Nea «Ben 6 ed SS oo 117 36 2 
PIASUGMINDIF. cn cbec gee cw cedecses® 96 34 
Ceramic Mini-DiP..o.o..o.i oan. 0s:cidieaicoe 115 36 100pF 
Peas he es Ree OES Bees 74 33 
Ne ied iis aii ah as bre Usd Sad os 157 43 
, SETTLING TIME 
TEST POINT 
20002 CRI = 
bs Ay = -3 
e Feedback and Summing Resistor Ratios should be 0.1% 
matched. 
¢ Clipping Diodes CR1 and CR2 are optional. HP5082-2810 rec- 
ommended. 
Test Circuits 


OUTPUT 
10% - 


see <-= 


ov 
—>| RISE TIME 


FIGURE 2. TRANSIENT RESPONSE 


NOTE: Measured on both positive and negative transitions from OV 
to +200mV and OV to -200mvV at the output. 


> OUT 


FIGURE 4. SUGGESTED Vos ADJUSTMENT AND COMPENSA- 
TION HOOK-UP 


Tested offset adjustment range is I[Vog + 1mVI minimum referred to 
output. Typical ranges are t20mV with Ry = 20kQ 
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HA-2520, HA-2522, HA-2525 


Typical Performance Curves V+ = 15VDC, V- = -15VDC, T, = +25°C, Unless Otherwise Specified 
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FIGURE 5. INPUT BIAS AND OFFSET CURRENTS vs 
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REFERRED TO VALUES AT +25°C 
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FIGURE 7. NORMALIZED AC PARAMETERS vs TEMPERATURE 
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NORMALIZED PARAMETERS 
REFERRED TO VALUES AT +15V 


SUPPLY VOLTAGE 


FIGURE 9. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE AT +25°C 
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FIGURE 6. EQUIVALENT INPUT NOISE vs BANDWIDTH 
(WITH 10Hz HIGH PASS FILTER) 
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FIGURE 8. OPEN LOOP FREQUENCY AND PHASE RESPONSE 
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FIGURE 10. OPEN LOOP GAIN RESPONSE FOR VARIOUS VALUES 
OF CAPACITORS FROM COMPENSATION PIN TO GND 


NOTE: External compensation components are not required for stability, 
but may be added to reduce bandwidth if desired. 


OPEN-LOOP VOLTAGE GAIN (dB) 
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OPERATIONAL 


AMPLIFIERS 


HA-2520, HA-2522, HA-2525 


Typical Performance Curves V+ = 15VDC, V- = -15VDC, Ts = +25°C, Unless Otherwise Specified(Continued) 
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FIGURE 11. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE FIGURE 12. OUTPUT VOLTAGE SWING vs FREQUENCY AT +25°C 


SUPPLY CURRENT (mA) 


FIGURE 14. PULSE RESPONSE (A, = +3) 


55 R, = 2kQ, C, = 50pF, Horizontal = 100ns/Div. 
TEMPERATURE (°C L L 
Me) Upper Trace: Input; 1.67V/Div., Lower Trace: Output; 5V/Div. 
FIGURE 13. POWER SUPPLY CURRENT vs TEMPERATURE Ta = +25°C, Vg = +15V 


8 


UIE ETE TUITE TTT TTT 
matte ed poe 
EE a | 
a. AH 


int 
tan ASSUME TI 
a a a SU | 
a er ates 
me A 


0 
100kHz kHz 10kHz 100kHz 1MHz 
FREQUENCY 


FIGURE 15. POWER SUPPLY REJECTION RATIO vs FREQUENCY 
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HA-2520, HA-2522, HA-2525 


Typical Application 


ao 
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10 Ww 

es ia if 
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z 0 if tc 

3 5 45 

NOTE: Compensation Circuit for Ay = -1 oe | pe 
Slew Rate = 120V/ 


Settling Time (0.1%) = 500ns 
Capacitance at pin 8 must be minimized for maximum 


bandwidth. 

Tested and functional with supply voltages from +4V to 10K 100K 1M 10M 

+15V. FIGURE 16. FREQUENCY RESPONSE FOR INVERTING UNITY 
GAIN CIRCUIT 
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FARRIS 


SEMICONDUCTOR 


tH 


HA-2529 


Uncompensated, High Slew Rate 


March 1993 High Output Current, Operational Amplifier 

Features Description 

© High Siew FGi@ i i sacs oct ccc be ciecenieades 150V/us The HA-2529 is a monolithic operational amplifier which 

oFaat Setting co ae ic leet le eee deaesbee 200ns __ typifies excellence of design. With a design based on years of 

e Wide Power Bandwidth . 2MHz exper ience coupled with the reliable dielectric isolation 

RsiSe Raemer 8) OR ee process, this amplifier provides an outstanding combination of 

* Wide Gain Bandwidth (Ay 23) ....---..4..,- aomhz DC and AC parameters at closed loop gains greater than 3. 

¢ High Input Impedance..............0.ee08- 130MQ 

° Low Otfest Guntent oh ee 5BnA Fhe HA-2529 offers 150V/us slew rate and fast settling time 

* Hich Oumni c aa ab a (200ns), while consuming a mere 6mA of quiescent current, 
aye acs Fe plage agent oe ge peers Roeder 45 making this amplifier ideal for video circuitry and data 

A pp lications acquisition designs. With 2OMHz gain bandwidth combined 


e Data Acquisition Systems 
e R.F. Amplifiers 
e Video Amplifiers 


e Signal Generators 
e Pulse Amplification 


Ordering Information 


with 7.5kV/V open loop gain, the HA-2529 is an ideal 
component for demanding signal conditioning designs. This 
device provides +30mA output current drive with an output 
voltage swing of +10V making it suited for pulse amplifier 
and R.F. amplifier components. 


The HA-2529 will upgrade output current, slew rate, offset 


voltage drift and offset current drift in systems presently 
using the HA-2520/22/25 or EHA-2520/22/25. 


Mil-Std-883 product and data sheets are available upon 
request. 


[PARTNUMBER | TEMP. RANGE | PACKAGE 
rraa-2508-2 | sect +1250 [BPncan 
ruaz-25005 | Cws75% [ePincan 


Pinouts 


HA-2529 
(PDIP, CDIP, SOIC) 
TOP VIEW 


Schematic Diagram 


Q2B 
R1iB 


San 
R1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 2895.1 


Specifications HA-2529 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals...............04-- 40.0V Operating Temperature Range 

Differential Input Voltage. . cs. iacc ces cc cde evecasaansene 15V he ea” AY IIR EAS TA argh Se E,* -55°C < Ty < +125°C 
PPO RII CAAT Oks ono. b hcn icin wee acs heen en a 90mA Paneer ok os es Beka Wes 0a CRC a 0°C <s Ty $ +75°C 
Internal Power Dissipation (Note 10) .................. 300mW Storage Temperature Range............... ~65°C < Ty < +150°C 
Gumeedt MGI. ce ee eee +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)..............05- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications _V, =+15V, C, = 50pF, R, = 2kQ, Unless Otherwise Specified 


HA-2529-2 HA-2529-5 
-55°C to +125°C 0°C to +75°C 


Oat Vaage (Note 8 er eae ee ee ee 


mV 
Average Offset Voltage Drift (Note 8) 
Bias Current (Note 8) +25°C 


Full 


Average Bias Current Drift (Note 8) 


Offset Current (Note 8) +25°C 
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Common Mode Range 


Differential Input Resistance (Note 11) 


slel-(sp f+ sp fale 


Differential Input Capacitance 
Input Noise Voltage (f = 1kHz) 
Input Noise Current (f = 1kHz) 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 3) 
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Common Mode Rejection Ratio (Note 5) 
Gain Bandwidth Product (Note 2, 11) 
Minimum Stable Gain 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 

Full Power Bandwidth (Notes 3 & 6) 
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Overshoot (Note 2, 7) 
Slew Rate (Note 3, 7) 
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OPERATIONAL 
AMPLIFIERS 


Specifications HA-2529 


Electrical Specifications V., = +15V, C, = 50pF, R, = 2kQ, Unless Otherwise Specified (Continued) 


HA-2529-2 HA-2529-5 
-55°C to +125°C 0°C to +75°C 
PARAMETER TEMPERATURE 


POWER SUPPLY CHARACTERISTICS 


Power Supply Rejection Ratio (Note 12) Oem Bide 
NOTES: 


1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


2. Vout = +200mV, Ay 2 3. 
3. Vout = +10V. 
4. Settling Time is specified to 0.1% of final value for a 10V output step and Ay = -3. 
Ss: AVom = +10V. 
iy Se 4 Slew Rate 
6. Full Power Bandwidth is guaranteed by equation: FPBW = Ps ERS 
7. See Transient Response and Settling Time Test Circuits. FeAS 
8. Refer to typical performance curve in data sheet. 
9. Vout = t5V. 
10. Refer to package thermal constants in Die Characteristics section. 
11. Parameter is guaranteed by design and characterization data. 
12. AVs = t10V to +20V. 
Die Characteristics Settling Time Circuit 
Fransislor Gout <2 secre Geese deer rer eries 40 
OES re Fae Sere eee e eee oe 57 x 67 x 19 mils 
SUNN FUNOMUGL 61. God. « j.< cis way soa the bE \- 
a... OS OS eens aan Rep eee & Bipolar-DI 
Thermal Constants (°C/W) Bia Bic INPUT | 667.20 
RR ens Bc ves shies Cae 117 36 
PIasue:Mip-DIP . 2. Gib. be ns 96 34 
Ceramic Mini-DIP oo ae. 115 36 
1 OSE See SAAC ee eee Mbek ana resncrara 157 43 
2N4416 


» SETTLING TIME 
TEST POINT 


r) Ay =-3 
e Feedback and summing resistor ratios should be 0.1% matched. 


¢ Clipping diodes CR1 and CR2 are optional. HP5082-2810 recom- 
mended. 
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Test Circuits 
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acd ' = AV/AT! 
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FIGURE 1. SLEW RATE AND SETTLING TIME 


ViN 


1.33kQ 
502Q 


FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE 


LARGE SIGNAL RESPONSE 

Horizontal Scale: (200ns/Div.) 

Vertical Scale: (2V/Div. Input) 
(5V/Div. Output). 
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FIGURE 2. TRANSIENT RESPONSE 


NOTE: Measured on both positive and negative transitions from OV 
to +200mV and OV to -200mV at the output. 
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FIGURE 4. SUGGESTED Vog ADJUSTMENT AND COMPENSA- 
TION HOOK UP 


Tested offset adjustment range is Vos + 1mVI minimum referred to 
output. Typical ranges are +28mV to -18mV with Ry = 20kQ 


SMALL SIGNAL RESPONSE 
Horizontal Scale: (200ns/Div.) 
Vertical Scale: (5OmV/Div. Input) 
(100mV/Div. Output). 
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Typical Performance Curves 
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FIGURE 5. OFFSET VOLTAGE vs TEMPERATURE 
(6 TYPICAL UNITS FROM 3 LOTS AT Vg = +15V) 
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FIGURE 7. OFFSET CURRENT vs TEMPERATURE 
(5 TYPICAL UNITS FROM 3 LOTS AT Vg = +15V) 


OUTPUT CURRENT (+mA) 


cies ices seas 
FIGURE 9. OUTPUT CURRENT vs SUPPLY VOLTAGE 
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BIAS CURRENT (nA) 
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FIGURE 6. BIAS CURRENT vs TEMPERATURE 
(6 TYPICAL UNITS FROM 3 LOTS AT Vg = +15V) 
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FIGURE 8. OPEN LOOP GAIN vs TEMPERATURE 
(6 TYPICAL UNITS FROM 3 LOTS AT Vg = +15V) 
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SUPPLY VOLTAGE (+V) 


FIGURE 10. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE 


HA-2529 


Typical Performance Curves (Continued) 
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FIGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE 
(OVER FULL TEMPERATURE) 
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FIGURE 12. FREQUENCY RESPONSE AT VARIOUS GAINS 
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FIGURE 15. OUTPUT VOLTAGE SWING vs FREQUENCY 
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Typical Applications 


GAIN (dB) 


NOTES: 

¢ Compensation Circuit for Ay = -1 
e Slew Rate = 120V/us 

¢ Bandwidth = 10MHz 

¢ Settling Time (0.1%) = 500ns 10K 100K 1M 

¢ Capacitance at pin 8 must be minimized for maximum bandwidth. FREQUENCY (Hz) 
* Tested and functional with supply voltages from +4V to +15V. 


FIGURE 17. FREQUENCY RESPONSE FOR INVERTING UNITY GAIN CIRCUIT 
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Features Description 

e Very High Slew Rate..........eeececeeceeecceces 600V/us The Harris HA-2539 represents the ultimate in high slew 

© Open Loop Gain.... 2... cece eee e cece eee erecees 15kV/V rate, wideband, monolithic operational amplifiers. It has been 

e Wide Gain-Bandwidth (Ay 2 10).............eeeee. 600MHz designed and constructed with the Harris High Frequency 

© POET BATT ov on ones kc eg cy e as somes any re 9.5MHz_ Bipolar Dielectric Isolation process and features dynamic 

¢ Low Offset Voltage .........- 2 eee eee ee eeeeeeeeceees 8mV_ parameters never before available from a truly differential 

© Input Voltage Noise .........c.ecccccceeececees 6nVNHz device. 

e Output Voltage Swing............. cece cece rete ees +10V { . ; 

* Monolithic Bipolar Dielectric Construction With a 600V/ms slew rate and a 600MHz gain bandwidth 
product, the HA-2539 is ideally suited for use in video and 

Applications RF amplifier designs, in closed loop gains of 10 or greater. 


e Pulse and Video Amplifiers 

e Wideband Amplifiers 

e High Speed Sample-Hold Circuits 
e RF Oscillators 


Ordering Information 


"PARTNUMBER | TEMP. RANGE | PACKAGE 
THAT-25902 [55°10 r125°0 | 14 Load Coramio DIP 
THAT-25305 | 0°10 766 | 14 Lead Goramic DIP 
HAT-2500-9 
[HAS 2500-6 | O'G10 75° | 14Load Plasto DIP_ 


Full t10V swing coupled with outstanding AC parameters 
and complemented by high open loop gain makes the 
devices useful in high speed data acquisition systems. 


For further design assistance please refer to Application 
Note 541 (Using the HA-2539 Very High Slew Rate Wide- 
band Operational Amplifiers) and Application Note 556 
(Thermal Safe-Operating-Areas For High Current Opera- 
tional Amplifiers. 


For military grade product information, the HA-2539/883 data 
sheet is available upon request. 


For a lower power version of this product, please 


see the HA-2839 and HA-2840 data sheets. 


Pinouts 
HA-2539 
(PDIP, CDIP, SOIC) HA-2539 (PLCC) 
TOP VIEW TOP VIEW 
23248 
3] ir 


(NC) No Connection pins may be tied to a ground plane for better 
isolation and heat dissipation. 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HA-2539 


Absolute Maximum Ratings (Note 1) 

Supply Voltage Between V+ and V- Terminals.............. 35V 
Differential tepput Voltage. 05-6 5. FSS EAI oc ceca 6V 
PN, SME UN i as ve cha ie revues ote 50mA 
Continuous Output Current. ............ 00.0 cece e eee 33MAms 
Internal Quiescent Power Dissipation (Note 2) 

MGT. TAMTUIOTOLND 5 ocinc ba oes cee tees bee ony beaen +175°C 
Junction Temperature (Plastic Package) ............0.. +150°C 
Lead Temperature (Soldering 10 Sec.)..............08- +300°C 


Operating Conditions 

Operating Temperature Range 
PEAAED OR to ois ce bn 5 ee ee -55°C < Ty, < +125°C 
HA-QEQOMROUON: ..... iss ss ccc vaeseuss O°C < Ty < +75°C 
PIAGET ce cc es 5 os we o's cp awe hae ena S -40°C < Ty < +85°C 

Storage Temperature Range............... -65°C < Ty s +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppyy = +15V, Ry, = 1kQ, C, < 10pF, Unless Otherwise Specified. 
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INPUT CHARACTERISTICS 
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Gain Bandwidth (Notes 5, 6) +25°C 
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Specifications HA-2539 


Electrical Specifications —Vsyppyy = +15V, R, = 1kQ, C, < 10pF, Unless Otherwise Specified. (Continued) 


HADSSOR LIMITS | _HADSOO-S OLIMTS | HAASOC-SOLMITS | 
Sumeycurens i re P| pe] - | | | | | | ma 
ed 


Power Supply Rejection Ratio 70 70 
(Note 9) 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 


2. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175°C for the 
ceramic package and below +150°C for the plastic packages. By using Application Note 556 on Safe Operating Area equations, along 
with the packaging thermal resistances listed in the Die Characteristics section, proper load conditions can be determined. Heat sinking 
is recommended above +75°C with suggested models: 

Thermalloy #6007 (Os, = 40°C/W) or AAVID #5602B (8s, = 16°C/W). 


~ Ry = 1kQ, Vo = +10V 

. Vow = £10.0V 

. Vo = 90mV 

se : Slew Rate 
. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = ots peta 
. Refer to Test Circuits section of data sheet. PEAK 

. Vsuppry = +5V, -15V and +15V, -5V 

10. Guaranteed range for output voltage is +10V. Functional operation outside of this range is not guaranteed. 


OMWNOAN S WwW 


Schematic Diagram 
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9 OUTPUT 
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Die Characteristics 


TWONSGIR COM ig. essa bp fe Gere a elke FaldK Sse oid ss 30 Thermal Constants (°C/W) O54 Bic 
Die DIMGNSIONG 3c 2essg os oe u coe Pee 75 x 61 x 19 mils Corrie a 71 14 

(1910pm x 1550m x 483m) “ge 0G) 8,| HE Sean Neate arr 107 38 
Substrate Potential (Power Up)*............ 0c cece cece eee V- SHAS kg a ee ee, 119 36 
PIQCORB Eire res fereen anes High Frequency Bipolar-DI PLOC so ce ote one sves: 74 33 
POCO <5 vc Shevs eon 0 [ss Cree deb ives choc leew Nitride 


“ The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on conductor at V- potential. 


Test Circuits 
Vg = t15V 
IN Ay = +10 
OUT = ©} < 10pF 
90002 
100Q 


FIGURE 1. TEST CIRCUIT 


$ 


FIGURE 2. LARGE SIGNAL RESPONSE FIGURE 3. SMALL SIGNAL RESPONSE 
Vertical Scale: A = 0.5V/Div., B = 5.0V/Div. Vertical Scale: Input = 10mV/Div., Output = 50mV/Div. 
Horizontal Scale: Time: 50ns/Div. Horizontal Scale: 20ns/Div. 


cx Ay =-10 

e Load Capacitance should be less than 10pF. 

¢ It is recommended that resistors be carbon composition and that 
feedback and summing network ratios be matched to 0.1%. 

¢ SETTLE POINT (Summing Node) capacitance should be less 
than 10pF. For optimum settling time results, it is recommended 
that the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with S-3A sampling heads 
is recommended as a settle point monitor. 


INPUT © 


SETTLE 
POINT a 


FIGURE 4. SETTLING TIME CIRCUIT 
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Typical Performance Curves 
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CMRR (dB) 
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FREQUENCY (Hz) 
FIGURE 7. BROADBAND NOISE (0.1HZ TO 1MHZ) FIGURE 8. COMMON MODE REJECTION RATIO vs 
Vertical Scale: 10mV/Div. FREQUENCY 


Horizontal Scale: 50ms/Div. 


| Al 
nv wa 


ONIN 


SN 
= 60 Sa INS bi! 9 8 
© > SH z Xi a 
. TIS: St : g 


a AAA AL Ni 
a a a 


1K 10K 100K 10M 100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 9. POWER SUPPLY REJECTION RATIO vs FIGURE 10. OPEN LOOP GAIN/PHASE vs FREQUENCY 
FREQUENCY 


2-319 


HA-2539 


Typical Performance Curves (continued) 
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FIGURE 11. CLOSED LOOP FREQUENCY RESPONSE FOR 
VARIOUS CLOSED LOOP GAINS 
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FIGURE 13. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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NORMALIZED PARAMETERS 
REFERRED TO VALUES AT +25°C 
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FIGURE 14. NORMALIZED AC PARAMETERS vs 
TEMPERATURE 


SUPPLY CURRENT (mA) 
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FIGURE 16. POWER SUPPLY CURRENT vs TEMPERATURE 
AND SUPPLY VOLTAGE 
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Typical Applications 
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Features 
¢ Very High Slew Rate ...............cccees 400V/us 
© POG SOUS CUNO 6 occu s Tie ap sc ec cucceewen 140ns 
e Wide Gain Bandwidth (Ay 210) ............ 400MHz 
© POWOS BONGWICU) 050 ccc ccc cccccncccccsgece 6MHz 
© EO rr VOOR ccc ccc nveevevtwecsneaane 8mV 
e Input Voltage Noise.............-..ecee-- 6nV/VHz 
e Output Voltage Swing..................... 000 + 10V 
¢ Monolithic Bipolar Construction 
Applications 


e¢ Pulse and Video Amplifiers 

¢ Wideband Amplifiers 

¢ High Speed Sample-Hold Circuits 
e Fast, Precise D/A Converters 


Ordering Information 


cin [ee | nce 
NUMBER RANGE 

[HAT-2540-2 | -55°C to +125°O | 14 Lead Ceramic DIP 
[HAt-2540-5 | 0°G10+75° | 14leadGeramicOIP 
HAT-25400-5 
HA1-2540C-9 14 Lead Ceramic DIP 
[Has.26405 | 0°C10+750 | t4leadPlasticOIP 
[HAs-26400-6 [| 0°C10+75° | 14 Lead Plastic DIP 
HA4P2540-5 
HAQP25400-9 


HA-2540 


Wideband, Fast Settling 
Operational Amplifier 


Description 


The Harris HA-2540 is a wideband, very high slew rate, 
monolithic operational amplifier featuring superior speed and 
bandwidth characteristics. Bipolar construction coupled with 
dielectric isolation allows this truly differential device to 
deliver outstanding performance in circuits where closed 
loop gain is 10 or greater. Additionally, the HA-2540 has a 
drive capability of +10V into a 1kQ load. Other desirable 
characteristics include low input voltage noise, low offset 
voltage, and fast settling time. 


A 400V/us slew rate ensures high performance in video and 
pulse amplification circuits, while the 400MHz gain-band- 
width product is ideally suited for wideband signal amplifica- 
tion. A settling time of 140ns also makes the HA-2540 an 
excellent selection for high speed Data Acquisition Systems. 


Refer to Application Note 541 and Application Note 556 for 
more information on High Speed Op Amp applications. HA- 
2540/883 MIL-STD-883 data sheet is available on request. 


For a lower power version of this product, please see 


the HA-2840 and HA-2850 datasheets. 


Pinouts 


HA-2540 (CDIP, PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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HA-2540 (PLCC) 
TOP VIEW 
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Specifications HA-2540 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals....... SESE | 35V Operating Temperature Range 

Differentialinput Vottage. 25 bo See ie se wees 6V ct ta BR Re Sareea ana Pte -55°C < Ta < +125°C 
Output Current............ 33mArms (Continuous), 50mA (Peak) ae SOs s Up 1s wu pane 0°C < Ty < +75°C 
Internal Power Dissipation (Note 2) HA-2540/2540C-9 oo. cw eect c sce crnes ~40°C < Ty < +85°C 
SENT TONING 4 6:6 5s a an 6 i900 0 Sco Web eo o's 6 0 on 0-0 8 +175°C Storage Temperature Range............... -65°C < Ty < +150°C 
Junction Temperature (Plastic Packages)............... +150°C 

Lead Temperature (Soldering 10s)..............200005 +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppyy = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified. 
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Full 


Average Offset Voltage Drift 


+25° 


©) 


Bias Current 


Offset Current +25° 


Input Resistance +25° 
Input Capacitance +25° 


Common Mode Range 


Input Noise Current +25° 


(f = 1kHz, Rsource = 0Q) 


Input Noise Voltage +25° 
(f = 1kHz, Rsource = 00) 
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TRANSFER CHARACTERISTICS 


(2) 


Large Signal Voltage Gain (Note 3) +25° 


Full 


Common-Mode Rejection Ratio 
(Note 4) 


“I 


> 
ale 


“I 


Minimum Stable Gain +25° 


Gain Bandwidth Product (Notes 5&6) | +25°C 


+H 
ans 


OUTPUT CHARACTERISTICS 


Full 


oO 


Output Voltage Swing (Note 3, 10) +1 


Output Current (Note 3) +25° +1 +20 +1 +2 


Output Resistance +25° 


Full Power Bandwidth (Notes 3, 7) +25° 
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Specifications HA-2540 


Electrical Specifications Vsyppyy = +15V, Ri, = 1kQ, C, < 10pF, Unless Otherwise Specified. (Continued) 


ee ee ee 
PARAMETER remp [vane | rye | wax] wan | rv [wax J we | ve | max 
ee ee ee 
(pn MMS Sk sm a ats kan lace lon ee Yossie Sasol 
; License ee eS 
Seema tyre: wuempscosn | | amarbar | M40 |incfar | ao] +] - [oo] - | | 
ape Pearse awe [ees | it | ape [aw | ove | sat | eran | 


POWER REQUIREMENTS 
ra | | ao | a = aces casi | 
Boe Eee i ee 
» NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


2. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175°C for the 
ceramic package, and below +150°C for the plastic package. By using Application Note 556 on Safe Operating Area Equations, along 
with the packaging thermal resistances listed in the Die Characteristics section, proper load conditions can be determined. Heat sinking 
is recommended above +75°C with suggested models: 

Thermalloy #6007 (85, = 40°C/W) or AAVID #5602B (65, = 16°C/W). 


3. Ry = 1kQ, Vo = +10V. 

4. Voy = +10V. 

5. Vo = 90mV. 

ae Slew Rate 
7. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = Fs aaa 
8. Refer to Test Circuits section of the data sheet. PEAK 
9. Vsuppry = +5V, -15V and +15V, -5V. 


10. Guaranteed range for output voltage is +10V. Functional operation outside of this range is not guaranteed. 


HA-2540 


Schematic Diagram 


Die Characteristics 


TEM CN She's y Sav as RV RRA a eb ees 30 
Die Dimensions ..................06: 75 x 61 x 19 mils 

(1910um x 1550um x 483m) 
Substrate Potential (Power Up)* .................... \- 
PROGeGe. FS PT High Frequency Bipolar-DI 
PESGNEUONS PEPE Ei SPAR COUGAR Cee Tae BS Nitride 


“The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 


Thermal 


Constants (°C/W) 


Caramic DIP .c<4 oo... re$ee ck 
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Test Circuits 


Vin 


Vout 
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FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: A =.0.5V/Div., B = 5.0V/Div.) 
Horizontal Scale: (Time: 50ns/Div.) 


V+ ¢ 0.001 uF 


INPUT 
“ OUTPUT 


PROBE 


5000 MONITOR 


SETTLE 
POINT 


SMALL SIGNAL RESPONSE 
Vertical Scale: Input = 10mV/Div.; Output = 50mV/Div. 
Horizontal le: 20ns/Div. 


Ay = -10. 


Load Capacitance should be less than 10pF. Turn on time 
delay typically 4ns. 


e It is recommended that resistors be carbon composition 


and the feedback and summing network ratios be 
matched to 0.1%. 


SETTLE POINT (Summing Node) capacitance should be 
less than 10pF. For optimum settling time results, it is rec- 
ommended that the test circuit be constructed directly 
onto the device pins. A Tektronix 568 Sampling Oscillo- 
scope with S-3A sampling heads is recommended as a 
settle point monitor. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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FIGURE 4. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 8. POWER SUPPLY CURRENT vs TEMPERATURE 
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Vertical Scale: 10mV/Div. 
Horizontal Scale: 50ms/Div. 
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Applications 


FIGURE 15. WIDEBAND SIGNAL SPLITTER FIGURE 16. BOOTSTRAPPING FOR MORE OUTPUT CURRENT = 
AND VOLTAGE SWING < 2 
NOTE: With one HA-2540 and two low capacitance switch- NOTES: = 
ing diodes, signals exceeding 10MHz can be 1. Used for experimental purposes. Cy = 3pF. bs ' 
separated. This circuit is most useful for full wave _—2. C, is optional (0.001pF > 0.01pF ceramic). ws 
rectification, AM detectors or sync generation. 3. Reg is optional and can be utilized to reduce input signal amplitude ro} < 


and/or balance input conditions. Rg = 500Q to 1kQ. 


Refer to Application Note 541 For Further Applications Information | 
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Wideband, Fast Settling, 


tH 


March 1993 Unity Gain Stable, Operational Amplifier 

Features Description 

e Unity Gain Bandwidth ............ccceeeees 40MHz_ The HA-2541 is the first unity gain stable monolithic operational 
amplifier to achieve 40MHz unity gain bandwidth. A major addi- 

© High Slow Rate... on cc cccccettecedecvssse 250V/uus tion to the Harris series of high speed, wideband op amps, the 
HA-2541 is designed for video and pulse applications requiring 

* Low Offaat Voltage: 2-0... seaeenneee ences 0-6mV stable amplifier response at low closed loop gains. 

e Fast Settling Time (0.1%) ...........--.eeeees 90NS The uniqueness of the HA-2541 is that its siew rate and bandwidth 
characteristics are specified at unity gain. Historically, high slew 

e Power. Bandwidth. ..........cccsccsccnscees 4MHz rate, wide bandwidth and unity gain stability have been | pati- 

¢ Output Voltage Swing (Min) .................... +10V__ ble features for a monolithic operational amplifier. But features such 
as 250V/us slew rate and 40MHz unity gain bandwidth clearly 

¢ Unity Gain Stability show that this is not the case for the HA-2541. These features, 


along with 90ns settling time to 0.1%, make this product an excel- 
lent choice for high speed data acquisition systems. 


Mil-Std-883 product and data sheets are available upon request. 


Monolithic Bipolar Dielectric Isolation Construction 


Ap P lications For further application suggestions on the HA-2541, please refer 
¢ Pulse and Video Amplifiers to Application Note 550 (Using the HA-2541), and Application 

Note 556 (Thermal Safe Operating Areas for High Current Oper- 
¢ Wideband Amplifiers ational Amplifiers). Also see ‘Applications’ in this data sheet. 


¢ High Speed Sample-Hold Circuits . ° 
mee P Ordering Information 


[PARTNUMBER | TEMP. RANGE | PACKAGE _| 
HAT-2541-2 
HAT-2541-5 
HAZ2641-8 


e Fast, Precise D/A Converters 
¢ High Speed A/D Input Buffer 


For a lower power version of this product, please see 


the HA-2841 data sheet. 


Pinouts Schematic Diagram 


HA1-2541 (CDIP) 
Em 
ap oe QP13 


BALANCE 9 5K 9 BALANCE 


0 V+ 
TOP VIEW 


HA2-2541 (TO-8 CAN) 
TOP VIEW 


ORs oNa7 

aaa ons 
"igs anaz 

“023 fee onze 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2898.1 
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Specifications HA-2541 


Absolute Maximum Ratings (Note 1) 


Voltage Between V+ and V- Terminals................008: 35V 
EP OTIORL IN VON. ois 'n 5 stacy 6.00: 0 shox sce crgtberew sca Oo 6V 
Pe COUSIUT GUR TOE a oon. ss noice accecncncacenlben-acieatanapnonaciaia 50mA 
Continuous Output Current. ....... 2.2.2... e eee eee 28mApms 
Junction Temperature (Note 11)..................008- +175°C 
Lead Temperature (Soldering 10 Sec.)...............6- +300°C 


Operating Conditions 
Operating Temperature Range 


GME ATO 10ers yc raw ek 55°C < Ty 5 +125°C 
ONTO chosen ek uGs dace re ee 0°C < Ty < +75°C 
Storage Temperature Range............... -65°C < Ty < +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical SpecificationS Vsyppyy = +15V, R, = 1kQ, C, < 10pF, Unless Otherwise Specified 


INPUT CHARACTERISTICS 
Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Average Bias Current Drift 


Input Resistance 

Input Capacitance 

Common Mode Range 

Input Noise Voltage (f = 1kHz, R, = 022) 
Input Noise Current (f = 1kHz, Rg = 0) 
TRANSFER CHARACTERISTICS 


OUTPUT CHARACTERISTICS 


-55°C to +125°C 0°C to +75°C 


° 
¢ 
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= 
a 
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Output Voltage Swing (Note 4 ha] eer 
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Specifications HA-2541 


Electrical Specifications Vsyppyy = +15V, Ry, = 1k, C, < 10pF, Unless Otherwise Specified (Continued) 


HA-2541-2 HA-2541-5 
-55°C to +125°C 0°C to +75°C 


PARAMETER 
Settling Time 
10V Step to 0.1% 


10V Step to 0.01% 
POWER REQUIREMENTS 
Supply Current 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


. Differential Gain and Phase are measured with a 1V differential voltage at 5SMHz. 

» Vo = +10V 

Ry = 1kQ 

- Vow = t10V 

at abl Slew Rate 

. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = eo 

. Refer to Test Circuits section of this data sheet. PEAK 

- Vsuppry = t5VDC to +15VDC. 

. f= 10kKHz; Ay = 5; Vo = 14Vp_p 

. This value assumes a no load condition: Maximum power dissipation with load conditions must be designed to maintain the maximum 
junction temperature below +175°C. By using Application Note 556 on Safe operating Area equations, along with the packaging thermal 


resistances listed in the Die Characteristics section, proper load conditions can be determined. Heat sinking is recommended above 
+75°C with suggested models: 


—_ at 
=-SOONODO SF WD 


14 Lead Ceramic DIP: 
Thermalloy #6007 or AAVID #5602B (854 = 16°C/W). 


12 Lead Metal Can (TO-8): 
Thermalloy #2240A (6s, = 27°C/W) or #2266B (Os, = 24°C/W) 


Die Characteristics Settling Time Circuit 
CT Tete TROD WORSE Les CREE US Vesa sono 41 
Re IOND ob eee dec soe des 89 x 79 x 19 mils 
Substrate Potential (Power Up)* ................0000. \- 
dens cog BORIC CERO ECE OE High Frequency Bipolar 
Dielectric Isolation Passivation ................... Silox 
Thermal Constants (°C/W) Bia Bic 
GUE 5-55 bc 6 wee he ows 71 13 
Metal Can: .eicscseis es eee es 56 29 


“ The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 


Feedback and summing resistor ratios should be 0.1% matched. 
HP5082-2810 clipping diodes recommended. 
Tektronix P6201 FET probe used at settling point. 
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Test Circuits 
Vin Vsg = t15V 
Vout Ay = +1 
1kQ Cc. Ss 10pF 
FIGURE 1. TEST CIRCUIT 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: 5V/Div.) Vertical Scale: (Vij = 100MV/Div., Voyy = 50mV/Div.) 
Horizontal Scale: (Time: 50ns/Div.) Horizontal Scale: (Time: 20ns/Div.). 


OPERATIONAL 
AMPLIFIERS 


PROPAGATION DELAY 
Vertical Scale: (Volts: = 100mV/Div.) 
Horizontal Scale: (Time: 5ns/Div.). 


Vs = +15V, Ri = 1kQ 

T = +25°C 

Propagation delay variance is negligible 
over full temperature range. 
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Typical Performance Curves 
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FIGURE 2. INPUT RESISTANCE vs FREQUENCY FIGURE 3. OFFSET VOLTAGE DRIFT WITH TEMPERATURE 
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(AT VARIOUS TEMPERATURES) (AT VARIOUS TEMPERATURES) 
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Typical Performance Curves (Continued) 


SUPPLY CURRENT (mA) 
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FIGURE 8. SUPPLY CURRENT vs SUPPLY VOLTAGE 
(AT VARIOUS TEMPERATURES) 
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FIGURE 10. PSRR vs SUPPLY VOLTAGE (AVERAGE OF 3LOTS 


AT VARIOUS TEMPERATURES) 
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FIGURE 12. REJECTION RATIOS vs FREQUENCY 
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FIGURE 9. SLEW RATE vs SUPPLY VOLTAGE 
(NORMALIZED WITH Vg = +15V AT +25°C) 
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FIGURE 11. CMRR vs SUPPLY VOLTAGE (AVERAGE OF 3 
LOTS AT VARIOUS TEMPERATURES) 
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FIGURE 13. t OPEN LOOP GAIN vs SUPPLY VOLTAGE 
(AVERAGE OF 3 LOTS OVER TEMPERATURE) 
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Typical Performance Curves (Continued) 
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FIGURE 15. SMALL SIGNAL BANDWIDTH vs SOURCE 
RESISTANCE (Vg = +15V, Ry = 1kQ) 
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FIGURE 16. CLOSED LOOP FREQUENCY RESPONSE vs TEMPERATURE 


Suggested Offset Voltage Adjustment 


Tested Offset Adjustment Range is Vos + imvVI 
minimum referred to output. Typical range is 
+15mV for Ry = 5kQ. 
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Applications (Also see Application Note 550) 


Application 1 


High power amplifiers and buffers are in use in a wide variety 
of applications. Many times the “high power’ capability is 
needed to drive large capacitive loads as well as low value 
resistive loads. In both cases the final driver stage is usually 
a power transistor of some type, but because of their inher- 
ently low gain, several stages of pre-drivers are often 
required. The HA-2541, with its 10mA output rating, is pow- 
erful enough to drive a power transistor without additional 
stages of current amplification. This capability is well demon- 
strated with the high power buffer circuit in Figure 17. 


The HA-2541 acts as the pre-driver to the output power tran- 
sistor. Together, they form a unity gain buffer with the ability 
to drive three 502 coaxial cables in parallel, each with a 
Capacitance of 2000pF. The total combined load is 16.6Q 
and 6000pF capacitance. 


LOAD 16.6Q; 6000pF 
OR 12.50; 6000pF 


FIGURE 17. DRIVING POWER TRANSISTORS TO GAIN 
ADDITIONAL CURRENT BOOSTING 


Application 2 
Video 


One of the primary uses of the HA-2541 is in the area of 
video applications. These applications include signal con- 
struction, synchronization addition and removal, as well as 
signal modification. A wide bandwidth device such as the 
HA-2541 is well suited for use in this class of amplifier. This, 
however, is a more involved group of applications than ordi- 
nary amplifier applications since video signals contain pre- 
cise DC levels which must be retained. 


The addition of a clamping circuit restores DC levels at the 
output of an amplifier stage. The circuit shown in Figure 18 
utilizes the HA-5320 sample and hold amplifier as the DC 
clamp. Also shown is a 3.57MHz trap in series, which will 
block the color burst portion of the video signal and allow the 
DC level to be amplified and restored. 


FIGURE 18. VIDEO DC RESTORER 
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SEMICONDUCTOR 


HA-2542 


Wideband, High Slew Rate, High Output 


GD 


March 1993 Current Operational Amplifier 

Features Description 

e Stable at Gains of 2 or Greater The HA-2542 is a wideband, high slew rate, monolithic oper- 
ational amplifier featuring an outstanding combination of 

¢ Gain Bandwidth ..........2ccccccccccccens 70MHz speed, bandwidth, and output drive capability. 

i tes rugs a ae Re RRS Rig Pe S00V/ji18 Utilizing the advantages of the Harris D.I. technology this 

¢ High Output Current (Min). ...........--.--- 100mA amplifier offers 350V/us slew rate, 7OMHz gain bandwidth, 
and +100mA output current. Application of this device is fur- 

¢ Power Bandwidth (Typ).-...-.-+++++++s++: 5.SMHz ther enhanced through stable operation down to closed loop 

¢ Output Voltage Swing (Min) .................... +10V gains of 2. 


For additional flexibility, offset null and frequency compensa- 
tion controls are included in the HA-2542 pinout. 


The capabilities of the HA-2542 are ideally suited for high 
speed coaxial cable driver circuits where low gain and high 
output drive requirements are necessary. With 5.5MHz full 
power bandwidth, this amplifier is most suitable for high 
frequency signal conditioning circuits and pulse video ampli- 
fiers. Other applications utilizing the HA-2542 advantages 
include wideband amplifiers and fast sample-hold circuits. 


¢ Monolithic Bipolar Dielectric Isolation Construction 


Applications 

e Pulse and Video Amplifiers 
e Wideband Amplifiers 

¢ Coaxial Cable Drivers 


e Fast Sample-Hold Circuits 


For more information on the HA-2542, please refer to Appli- 
cation Note 552 (Using the HA-2542), or Application Note 
556 (Thermal Safe-Operating-Areas for High Current Op 
Amps). 


e High Frequency Signal Conditioning Circuits 


Ordering Information 


[PARTNUMBER | TEWP RANGE [PACKAGE 
Trarane2 | sec w+i2e0_| ated Coan OF | 
Trarznes | ows760 _| wtssdGeanc Or 
rwozne2 | secwriese | 12Rncen 
fwaases | vows | 12Pncen 
frasases | Pow sso | 14tmd Paste OP _ 


For a lower power version of this product, please see 
the HA-2842 data sheet. 


Pinouts 
HA-2542 HA-2542 
(PDIP, CDIP) (TO-8 METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HA-2542 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage (Between V+ and V- Terminals)............. 35V Operating Temperature Range 

Differential Input Voltage. ... 2... 1. eee eee eee eee 6V RUNGE 6 553s beet Dae CF Oa ee eRe -55°C < Ta S$ +125°C 

CR CU cc verericeie renin} weeniirg 125mA (Peak) AD os vc os WENA sv ooo wa oa he 0°Cs Ty < +75°C 
50mA (Continuous) Storage Temperature Range............... -65°C < Ty < +150°C 

Junction Temperature (Note 11).......... ccc eee eee ees +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppyy = +15V, R, = 1kQ, C, < 10pF, Unless Otherwise Specified. 


HA-2542-2 HA-2542-5 
-55°C to +125°C 0°C to +75°C 


INPUT CHARACTERISTICS 


ia vans a AE 
mv 


Average Offset Voltage Drift 14 14 


Bias Current 


Average Bias Current Drift 
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input Resletancs 


Input Capacitance +25°C 

Common Mode Range Full +10 

Input Noise Voltage (0.1Hz to 100Hz) +25°C 

Input Noise Density (f = 1kHz, Rg = 0Q) +25°C nVAVHz 
Input Noise Current Density (f = 1kHz, Rg = 02) +25°C pA/VHz 


TRANSFER CHARACTERISTICS 


eo aomonoesa Tae Ee eee 

a a 
[Gorman Mode Rejecion Ratio Nowe) | Fur 70 | vo | - | 70 | 100 | - | o8 
[MnimumsubeGan __——=—S=—S«d| ~e «P e ] | dP 2 | | 
[Gain Bandwiat Proauct(wowes) +t ware «| | ot | | |e 


OUTPUT CHARACTERISTICS 
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Specifications HA-2542 


Electrical Specifications Vsypp,y = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified. (Continued) 


HA-2542-2 HA-2542-5 
-55°C to +125°C 0°C to +75°C 
PARAMETER TEMPERATURE UNITS 


Min [tye [max | omin | typ | MAX | 
TRANSIENT RESPONSE (Note 8) Continued 


Settling Time 
10V Step to 0.1% +25°C 
10V Step t0 0.01% ils Wa apa ac 


POWER SUPPLY CHARACTERISTICS 


eT ee | re 
Eee a 


Power Supply Rejection Ratio (Note 9) ne. ee 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


. Refer to Test Circuits section of this data sheet. 
s VsuppLy = +5VDC to +15VDC. 

; Vin = 1Vems: f= 10kHz; Ay = 10. 

. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175°C for ce- 
ramic and can packages, and below +150°C for plastic packages. By using Application Note 556 on Safe Operating Area equations, 
along with the packaging thermal resistances listed in the Die Characteristics section, proper load conditions can be determined. Heat- 
sinking will be required in many applications. See Performance Curve below to determine if heat sinking is required for your application. 
Some suggested heatsink models are: 

14 Lead Ceramic DIP: 

Thermalloy #6007 or AAVID #5602B (8s, = 16°C/W) 

12 Pin Metal Can (TO-8): 

Thermalloy #2240A (Os, = 27°C/W) or #2268B (85,4 = 24°C/W) 


2. Differential gain and phase are measured at 5MHz with a 1V differential input voltage. 
3. Ri = 1kQ, Vo = +10V. 
4. Vom = +10V. 
5. Aver = 100. 
6. R, = 50Q, Vo = +5V, Output duty cycle must be reduced for loy7 > 50mA (e.g. <50% duty cycle for 100mA). 
; : Slew Rate 
7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = —————. 
mV DEAK 
8 
9 


>_> = 
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Die Characteristics 


Ro RTT Sepaeepe fetes 2-5 1 ees anit > nee: Sele arene Senge.” | pee See 43 
CPN A IOTIINONIO 6 oa dsc cian co ote ne Me + the 8 owt 72 x 105 x 19 mils i 
(1820um x 2670um x 485m) 2 
imawene Potential t,o) so one bv kb cece ee evokes V- 4 
PN Ge lcs Gia ss bean keene High Frequency Bipolar-DI a 
Passivallonys 0522s Ore OE ORR TCO Nitride < 
Thermal Package Characteristics (°C/W) Osa ie = 
COMES INP Ss ode so vas sites BO als vo 71 13 3 
REN LMP’ iit «0.0 hiv 4s lgho a 0: a¥eio'ect.0 ace obec 88 27 fe 
ne endevesiomeedinees-emeites 56 29 > 
= 
* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 5 
= 


o 5 10 15 20 2 30 35 40 45 50 
OUTPUT CURRENT (100% DUTY CYCLE, mA) 


MAXIMUM OPERATING TEMPERATURE vs OUTPUT CURRENT 
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BAL BAL 
R10 >R25 R1i2$ R26 R15 
75Q ¢ 5kQ 5Q¢ 5kQ 
QP14 |QP34 QP16/ QP35 


2 OUTPUT 
QN44 
Dz45 oe 
: i 
A 


PeSRSA s. QN26 
nf ae . QN41 


Schematic Diagram 
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Test Circuits 
TEST CIRCUIT LARGE SIGNAL RESPONSE 
Vertical Scale (Volts: Viy = 2.0V/Div., Voyr = 5.0V/Div.) 
Horizontal Scale (Time: 200ns/Div.) 
" OUT 
500Q 
500Q 
Vs = +15V 
Ay = +2 
C, < 10pF 
SMALL SIGNAL RESPONSE PROPAGATION DELAY 
Vertical Scale (Volts: 100mV/Div.) Vertical Scale (Volts: 100mV/Div.) 
Horizontal Scale (Time: 50ns/Div.) Horizontal Scale (Time: 10ns/Div.) 


Vs = +15V, Ry, = 1kQ. Propagation delay variance 
is negligible over full temperature range 


SETTLING ° Ay =-2. 
POINT ¢ Feedback and summing resistors must be matched (0.1%). 
¢ HP5082-2810 clipping diodes recommended. 
e Tektronix P6201 FET probe used at settling point. 
e For 0.01% settling time, heat sinking is suggested to reduce 


thermal effects and an analog ground plane with supply 


¥ decoupling is suggested to minimize ground loop errors. 
9 Vout 
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Typical Performance Curves 
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FIGURE 1. INPUT NOISE VOLTAGE AND INPUT NOISE 
CURRENT vs FREQUENCY 
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FIGURE 3. INPUT RESISTANCE vs FREQUENCY 


BIAS CURRENT (A) 
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FIGURE 5. BIAS CURRENT vs POWER SUPPLY, SIX UNITS AT 


VARIOUS SUPPLIES AT +25°C 
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FIGURE 2. OFFSET VOLTAGE DRIFT WITH TEMPERATURE 
OF SIX REPRESENTATIVE UNITS (Vs = +12V) 
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FIGURE 4. BIAS CURRENT DRIFT WITH TEMPERATURE OF 
SIX REPRESENTATIVE UNITS (Vg = +12V) 
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FIGURE 6. PSRR AND CMRR vs TEMPERATURE (Vg = +15V) 
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Typical Performance Curves (Continued) 


SUPPLY CURRENT (mA) 


4 6 8 10 12 14 
SUPPLY VOLTAGE (+V) 


FIGURE 7. SUPPLY CURRENT vs SUPPLY VOLTAGE, 
AT VARIOUS TEMPERATURES 


SLEW RATE (Vins) 
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TEMPERATURE (°C) 
FIGURE 9. SLEW RATE vs TEMPERATURE AT VARIOUS 
SUPPLY VOLTAGES 


sopmor VOLTAGE (+V) 


FIGURE 11. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE, 


AT VARIOUS TEMPERATURES 
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FIGURE 10. OPEN LOOP GAIN vs TEMPERATURE, 
AT VARIOUS SUPPLY VOLTAGES 
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FIGURE 12. NORMALIZED AC PARAMETERS vs COMPENSATION 
CAPACITANCE 
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Typical Performance Curves (Continued) 
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FIGURE 13. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 15. FREQUENCY RESPONSE CURVES 
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FIGURE 14. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 16. HA-2542 CLOSED LOOP GAIN vs TEMPERATURE 
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Application Information 


Typical Applications 
(Refer to Application Note 552 for Further Information) 


The Harris HA-2542 is a state of the art monolithic device 
which also approaches the “ALL-IN-ONE” amplifier concept. 
This device features an outstanding set of AC parameters 
augmented by excellent output drive capability providing for 
suitable application in both high speed and high output drive 
circuits. 


Primarily intended to be used in balanced 50Q and 75Q 
coaxial cable systems as a driver, the HA-2542 could also be 
used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would also 
be suitable as a small DC motor driver. 


The applications shown in Figures 17 through Figure 19 
demonstrate the HA-2542 at gains of +100 and +2 and as a 
video cable driver for small signals. 


Prototyping Guidelines 


For best overall performance in any application, it is recom- 
mended that high frequency layout techniques be used. This 
should include: 1) mounting the device through a ground 
plane: 2) connecting unused pins (N.C.) to the ground: 3) 
mounting feedback components on Teflon standoffs and or 
locating these components as close to the device as possi- 
ble: 4) placing power supply decoupling capacitors from 
device supply pins to ground. 


As a result of speed and bandwidth optimization, the HA- 
2542 can’s case potential, when powered-up, is equal to the 
V- potential. Therefore, contact with other circuitry or ground 
should be avoided. 


Frequency Compensation 


The HA-2542 may be externally compensated with a single 
Capacitor to ground. This provides the user the additional 
flexibility in tailoring the frequency response of the amplifier. 
A guideline to the response is demonstrated on the typical 
performance curve showing the normalized A.C. parameters 
versus compensation capacitance. It is suggested that the 
user check and tailor the accurate compensation value for 
each application. As shown additional phase margin is 
achieved at the loss of slew rate and bandwidth. 


For example, for a voltage gain of +2 (or -1) and a load of 
500pF/2kQ, 20pF is needed for compensation to give a small 
signal bandwidth of 30MHz with 40° of phase margin. If a full 
power output voltage of t10V is needed, this same configu- 
ration will provide a bandwidth of 5MHz and a slew rate of 
200V/us. 


If maximum bandwidth is desired and no compensation is 
needed, care must be given to minimize parasitic capaci- 
tance at the compensation pin. In some cases where mini- 
mum gain applications are desired, bending up or totally 
removing this pin may be the solution. In this case, care 
must also be given to minimize load capacitance. 


For wideband positive unity gain applications, the HA-2542 
can also be over-compensated with capacitance greater 
than 30pF to achieve bandwidths of around 25MHz. This 
over-compensation will also improve capacitive load han- 
dling or lower the noise bandwidth. This versatility along with 
the +100mA output current makes the HA-2542 an excellent 
high speed driver for many power applications. 


Typical Applications 


OUT 
990Q 


10Q 


PHASE (DEGREES) 


FREQUENCY (0dB) = 44.9MHz, PHASE MARGIN (0dB) = 40° 
Avec. = 100 PHASE AND GAIN 


FIGURE 17. NONINVERTING CIRCUIT (Ayo, = 100) 
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Typical Applications (Continued) 


FREQUENCY (dB) = 56MHz, PHASE MARGIN (3dB) = 40° 
Avo = 2 PHASE AND GAIN 


3 
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zs 
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- OUT ~ 2 
50Q H OM BRE od SRI bee. Sea. is so 000 ( 
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502 ) 45 


b 
oO 
PHASE (DEGREES) 


FIGURE 18. NONINVERTING CIRCUIT (Ayc, = 2) 


VIDEO CABLE DRIVER PULSE RESPONSE (1V/DIV.; 100ns/DIV.) 
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IN 7§Q 
1kQ 75Q 
1kQ 


OUT 


Rahat: 


FIGURE 19. VIDEO CABLE DRIVER (Ayc, = 2) 


Suggested compensation scheme 5pF - 20pF. 


Tested Offset Adjustment Range is IVog +1mVI 
minimum referred to output. 


Typical range is +20mV with Ry = 5kQ 


FIGURE 20. SUGGESTED OFFSET VOLTAGE ADJUSTMENT AND FREQUENCY COMPENSATION 
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March 1993 Video Operational Amplifier 
Features Description 
¢ Gain Bandwidth ..............sccceecceees SOMHZ The HA-2544 is a fast, unity gain stable, monolithic op amp 
© Highy Sime PU io ions Sods cic csdu's waeenees 150V/us designed to meet the needs required for accurate 
¢ Low Supply Current..............cceceeeeee 10mA_ reproduction of video or high speed signals. It offers high 
° Differential Gain Error..............cs0eeeee 0.03% Voltage gain (6kV/V) and high phase margin (65 degrees) 
° Differential Ph Ernie 0.03 Dearee while maintaining tight gain flatness over the video 
pivehapat ida sran: shh disease alana ea : eg bandwidth. Built from high quality Dielectric Isolation, the 
* Gain Flatness at 10MHz.................... 0.12dB 114-2544 is another addition to the Harris series of high 
° . speed, wideband op amps, and offers true video 
Applications A | i ee 


e Video Systems ¢ Imaging Systems 
¢ Video Test Equipment «¢ Pulse Amplifiers 
e Radar Displays ¢ Signal Conditioning Circuits 


¢ Data Acquisition Systems 


Ordering Information 


PARTNUMBER | TEMP.RANGE | PACKAGE | 
HA2-2544- 
HA2-2544- 


8 Lead Plastic DIP 
20 Lead PLCC 
HA7-2544-2 -55°C to +125°C 
HA9P2544-5 
HAQP2544C-5 
HAQP2544C-9 


performance combined with the versatility of an op amp. 


The primary features of the HA-2544 include 50MHz Gain 
Bandwidth, 150V/us slew rate, 0.03% differential gain error 
and gain flatness of just 0.12dB at 10MHz. High perfor- 
mance and low power requirements are met with a supply 
current of only 10mA. 


Uses of the HA-2544 range from video test equipment, 
guidance systems, radar displays and other precise imaging 
systems where stringent gain and phase requirements have 
previously been met with costly hybrids and discrete 
circuitry. The HA-2544 will also be used in non-video 
systems requiring high speed signal conditioning such as 
data acquisition systems, medical electronics, specialized 
instrumentation and communication systems. 


Military (/883) product and data sheets are available upon 
request. 


Pinouts 


HA-2544 (PDIP, CDIP, SOIC) 
HA-2544C (PDIP, SOIC) 


TOP VIEW 
BAL NC 
“al ea 7 | V+ 
+IN % OUT 
v- | 4 | BAL 


HA-2544/2544C 


HA-2544 
(TO-99 CAN) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HA-2544 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals ..................-- 35V Operating Temperature Range 

Differential Input Voltage (Note 11)............e.e cere ee ees 6V HA-2544/2544G-5 . on. ccc cccctcvcntsccee 0°C < Ty < +75°C 
PeakOuipul Cumemt 2.020 ¢o.. 5. . di.. 4, RAs 3. NZ. +40mA HADGACO.. 6. acs. STR AN -40°C < Ty s +85°C 
SHRNY TT oe err e cee eee ee +175°C ok a ge EERE PRP IEE REI ae -55°C < Ty $ +125°C 
Junction Temperature (Plastic Package) ............... +150°C Storage Temperature Range..............-- -65°C < Ts < +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vg, =+15vV, C, < 10pF, R, = 1kQ, Unless Otherwise Specified 


INPUT CHARACTERISTICS 


Ofset Votage Lee [eli | - | 6 [| ww | 
fest n> ay : 
[ce ee ee ee mv 

[average OfsetvVotage Dnitwotes) +t ew | - | 10 | - 

ais Curent Pease if. oe 
i. i ees | 


i 
Offset Current Drift rt m4 
a 


“feet Bp Pla: 


Common Mode Range Full +10 +11.5 +10 +11.5 


Differential Input Resistance 
+ 


2 
Differential Input Capacitance 
2 


3 
< 
a 
N 


Input Noise Voltage (f = 1kHz) 
Input Noise Current (f = 1kKHz) 


= 
‘?) 
= 
© 
= 


Input Noise Voltage 
0.1Hz to 10Hz (Note 9) +25°C 
0.1Hz to 1MHz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 4, 9) kV/V 


} Full N 
Common Mode Rejection Ratio (Notes 6, 9) | 2,5 | 75 70 

me 
Minimum Stable Gain + 
Unity Gain Bandwidth (Notes 3, 9) 45 45 


Gain Bandwidth Product (Notes 3, 9) 
Phase Margin 
OUTPUT CHARACTERISTICS 

Output Voltage Swing Full +10 +11 


[ouput Resistance (Open eee) + aso 


Ss < 


Degrees 


H 
—_ 
ery 


uo oO 


> 
Nh 


+3 


Me 
r 
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Specifications HA-2544 


Electrical Specifications V, =+15V, C, < 10pF, R, = 1kQ, Unless Otherwise Specified (Continued) 


TRANSIENT RESPONSE 
Rise Time (Note 3) 
Overshoot (Note 3) P= 425°C | 

Settling Time (Note 5) Rane ae Are wees 

VIDEO PARAMETERS R, = 1kQ (Note 10) 


> | 
oy, ao 
Oo] -o 
QO 
|. 
| 
fe 


CEs ee a ee 
ees a 
Gain Flatness 
= ast ttet 1 lel | | 
ee ee ee es 
Chrominance to Luminance Gain (Note 13) eee Oe Oe ee ee a ss a peicdbae! 1 
Pope et? | | 
POWER SUPPLY CHARACTERISTICS 
Power Supply Rejection Ratio (Notes 8, 9) a | a 
a Oe 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


An (dB) 
20 


74 1-eApo.. 


ag 


An(*) = | 10 


- Vout = +100mV. For Rise Time and Overshoot testing, Voyr is measured from 0 to +200mV and 0 to -200mvV. 
. Vout = +5V 
. Settling Time is specified to 0.1% of final value for a 10V step and Ay = -1. 


. AVoy = t10V 
: Slew Rate 
. Full Power Bandwidth is guaranteed by equation: Full Power Bandwidth = ——-———— (V,- AK — ov iz 


2nV 
. AVg = £10 to +20V * “PEAK 
. Refer to typical performance curve in Data Sheet. 


COAaN OO > W 


10. The video parameter specifications will degrade as the output load resistance decreases. 


11. To achieve optimum AC performance, the input stage was designed without protective diode clamps. Exceeding the maximum differential 
input voltage results in reverse breakdown of the base-emitter junction of the input transistors and probable degradation of the input 
parameters especially Vos, log and Noise. 


12. Tested with a VM700A video tester, using a NTC-7 Composite input signal. For adequate test repeatability, a minimum warm-up of 2 
minutes is suggested. Ay = +1. 


13. C-L Gain and C-L Delay was less than the resolution of the test equipment used which is 0.1dB and 7ns, respectively. 
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Schematic 


» V+ 


+INPUT 


QN48 
5kQ 
R38 


QP44 
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Die Characteristics 

Transistor Gount—.-:-eor ce reer rrr oc ces 44 Thermal Constants (°C/W) Bsa Bic 

CM TRAIN 5 oka et wks thee cae 80 x 65 x 19 mils Wratial' Cary? So Cie SONS: reten) 5 111 34 

a NE PN kh 2 od elem Gayo atice ie eae \- Plastic Mini-DIP...............-- 92 30 

aco) | Biplsaksuntcnp ipa seeheetaee High Frequency Bipolar D.I. Ceramic Mini-DIP .............-. 114 35 

PRR oe ed es eas a 8 oo oe ee See oe a Nitride i et eso eats 8 157 43 
PLCC, BRAGS ASTT SMT ae ae. 74 33 


* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 
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Test Circuits 
+Vs Vs = +15V 
Ay = +1 
Rg = 50Q or 75Q (Optional) 
Vout Ry = 1kQ 
CL < 10pF 
Vin for Large Signal = +5V 
Vin for Small Signal = 0 to +200mV 
and 0 to -200mV 
FIGURE 1. TRANSIENT RESPONSE 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vout = 0 to +10V Vout = 0 to +200mV 
Vertical Scale: (Vin = 5V/Div.; Vout = 2V/ Div.) Vertical Scale: (Vin = 100mV/Div.; Vout = 100mV/Div.) 
Horizontal Scale: (100ns/Div.) Horizontal Scale: (100ns/Div.). 


VIN 


Vout 


Vin © 


e Ay =-1 
¢ Feedback and summing resistor ratios should be 0.1% matched. 


; a Siaecaa tt mipping Glades fecommnendes: Tested offset adjustment range is IVog + 1mVI minimum referred to 
¢ Tektronix P6201 FET probe used at settling point. output. Typical range for Ry = 20kQ is approximately +30mvV. 


FIGURE 2. SETTLING TIME TEST CIRCUIT FIGURE 3. OFFSET VOLTAGE ADJUSTMENT 
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Typical Performance Curves 
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FIGURE 8. PSRR AND CMRR vs TEMPERATURE FIGURE 9. OPEN LOOP GAIN vs TEMPERATURE 
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Typical Performance Curves (Continued) 


OUTPUT VOLTAGE SWING (V) 


7 9 11 13 15 
SUPPLY VOLTAGE (+V) 


FIGURE 10. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE FIGURE 11. FREQUENCY RESPONSE AT VARIOUS GAINS 


(OVER FULL TEMPERATURE) 


Loren Loop |It | TU | Ri = 1k0, Ve =s15v 
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FIGURE 12. OUTPUT CURRENT vs SUPPLY VOLTAGE (OVER FIGURE 13. OPEN LOOP RESPONSE 
FULL TEMPERATURE) 
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FIGURE 14. SUPPLY CURRENT vs SUPPLY VOLTAGE 
(NORMALIZED AT Vg = +15V AT +25°C) 
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FREQUENCY (Hz) 


FIGURE 15. VOLTAGE FOLLOWER RESPONSE 


PHASE MARGIN (DEGREES) 
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Typical Video Performance Curves 


DIFFERENTIAL GAIN (dB) 


DC VOLTAGE LEVEL 


FIGURE 16. AC GAIN VARIATION vs DC OFFSET LEVELS 


NTSC Method, R, = 1kQ, Differential Gain < 0.05% at T, = +75°C 


GAIN FLATNESS (dB) 


(DIFFERENTIAL GAIN) 


No Visual Difference at T, = -55°C or +125°C 
FIGURE 18. DIFFERENTIAL GAIN 
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FIGURE 20. GAIN FLATNESS 


FIGURE 17. AC PHASE VARIATION vs DC OFFSET LEVELS 


100M 
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DIFFERENTIAL PHASE (DEGREES) 


DC VOLTAGE LEVEL 


(DIFFERENTIAL PHASE) 


NTSC Method, Ri, = 1kQ, Differential Phase < 0.05 Degree at Ts = +75°C 


No Visual Difference at T, = -55°C or +125°C 
FIGURE 19. DIFFERENTIAL PHASE 


INPUT 


OUTPUT 


NTSC Method, R,, = 1kQ, C-L Delay < 7ns at Ty = +75°C 
No Visual Difference at T, = -55°C or +125°C 


Vertical Scale: Input = 100mV/Div., Output = 50mV/Div. 
Horizontal Scale: 500ns/Div. 


FIGURE 21.CHROMINANCE TO LUMINANCE DELAY 
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HA-2544 


Typical Video Performance Curves (Continued) 


250. uae 


-250.000ns 0.00000ns 


Vin = 2.0V/Div., Vout = 2.0V/Div., Timebase = 50ns 


FIGURE 22. +2V OUTPUT SWING (WITH Rioap = 750, 
FREQUENCY = 5.00MHz) 
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FIGURE 23. BANDWIDTH vs LOAD CAPACITANCE 


_ Applications and Product Guidelines 


The HA-2544 is a true differential op amp that is as versatile 
as any op amp but offers the advantages of high unity gain 
bandwidth, high speed and low supply current. More impor- 
tant than its general purpose applications is that the 
HA-2544 was especially designed to meet the requirements 
found in a video amplifier system. These requirements 
include fine picture resolution and accurate color rendition, 
and must meet broadcast quality standards. 


In a video signal, the video information is carried in the 
amplitude and phase as well as in the DC level. The 
amplifier must pass the 30Hz line rate luminance level and 
the 3.58MHz (NTSC) or 4.43MHz (PAL) color band without 
altering phase or gain. The HA-2544's key specifications 
aimed at meeting this include high bandwidth (5OMHz), very 
low gain flatness (0.12dB at 10MHz), near unmeasurable 
differential gain and differential phase (0.08% and 0.03 
degrees), and low noise (20nV/VHz). The HA-2544 meets 
these quidelines. 


The HA-2544 also offers the advantage of a full output 
voltage swing of t10V into a 1kQ load. This equates to a full 
power bandwidth of 2.4MHz for this +10V signal. If video 
signal levels of +2V maximum is used (with R, = 1kQ), the 
full power bandwidth would be 11.9MHz without clipping 
distortion. Another usage might be required for a direct 50Q 
or 75Q load where the HA-2544 will still swing this +2V 
signal as shown in the above display. One important note 
that must be realized is that as load resistance decreases 
the video parameters are also degraded. For optimal video 
performance a 1 kQ load is recommended. 


If lower supply voltages are required, such as +5V, many of 
the characterization curves indicate where the parameters 
vary. As shown the bandwidth, slew rate and supply current 
are still very well maintained. 


Prototyping and PC Board Layout 


When designing with the HA-2544 video op amp as with any 
high performance device, care should be taken to use high fre- 
quency layout techniques to avoid unwanted parasitic effects. 
Short lead lengths, low source impedance and lower value 
feedback resistors help reduce unwanted poles or zeros. This 
layout would also include ground plane construction and power 
supply decoupling as close to the supply pins with suggested 
parallel capacitors of 0.1p.F and 0.001pF ceramic to ground. 


In the noninverting configuration, the amplifier is sensitive to 
stray Capacitance (<40pF) to ground at the inverting input. 
Therefore, the inverting node connections should be kept to a 
minimum. Phase shift will also be introduced as load parasitic 
Capacitance is increased. A small series resistor (20Q to 
100) before the capacitance effectively decouples this effect. 


Stability/Phase Margin/Compensation 


The HA-2544 has not sacrificed unity gain stability in achieving 
its superb AC performance. For this device, the phase margin 
exceeds 60 degrees at the unity crossing point of the open loop 
frequency response. Large phase margin is critical in order to 
reduce the differential phase and differential gain errors caused 
by most other op amps. Because this part is unity gain stable, 
no compensation pin is brought out. If compensation is desired 
to reduce the noise bandwidth, most standard methods may be 
used. One method suggested for an inverting scheme would be 
a series R-C from the inverting node to ground which will 
reduce bandwidth, but not effect slew rate. If the user wishes to 
achieve even higher bandwidth (>50MHz), and can tolerate 
some slight gain peaking and lower phase margin, experiment- 
ing with various load capacitance can be done. 


Shown in Application 1 is an excellent Differential Input, Unity 
Gain Buffer which also will terminate a cable to 75Q and reject 
common mode voltages. Application 2 is a method of separat- 
ing a video signal up into the Sync. only signal and the Video 
and Blanking signal. Application 3 shows the HA-2544 being 
used as a 100kHz High Pass 2-Pole Butterworth Filter. Also 
shown is the measured frequency response curves. 
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HA-2544 
Typical Applications 


1K Y N 
SHIELDED 1.21K SYNC ONLY 


COMPOSITE 
VIDEO 


VIDEO AND 
LA 


FIGURE 24. APPLICATION 1, 75Q DIFFERENTIAL INPUT BUFFER ~— FIGURE 25. APPLICATION 2, COMPOSITE VIDEO SYNC. 
SEPARATOR 
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CCC ESIC 
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CCCI 
POT TTL RA 


. ATTENUATION (dB) 
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PHASE (DEGREES) 


PTT LT LT UL Ta |. 
‘2 — 10 4100 1K # 10K 100K 1M 40M 
2K (2.1K ° 750pF) FREQUENCY (Hz) 
FIGURE 26. APPLICATION 3, 100kHz HIGH PASS 2-POLE FIGURE 27. MEASURED FREQUENCY RESPONSE OF 
BUTTERWORTH FILTER APPLICATION 3 
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Features Description 

© FUT IG ROO se inno cp cc tie sde 5 bn 0 00 ds wiclee 120V/us The HA-2548 is a monolithic op amp that offers a unique 

© Low Offset Voltage.........-.ceecccceeccees 300nV combination of bandwidth, slew rate, and precision specifica- 
tions. These features can eliminate the need for composite 

e High Open Loop Gain eonececeecee es eee eseeeces 130dB op amp designs and external calibration Circuitry. 

* Gain. Bandwidth Product. «+ oenenes e248 ues oe g ha Optimized for gains 25, the HA-2548 has a gain-bandwidth 

¢ Low Noise Voltage at 1kHz.............. 8.3nV/VHz product of 150MHz and a slew rate of 120V/us while main- 

¢ Minimum Gain Stability .......................... >5 __ taining extremely high open loop gain (130dB typ) and low 
offset voltage (300uV typ). These specifications are 

Applications achieved through uniquely designed input circuitry and a sin- 
gle ultra-high gain stage that minimizes the AC signal path. 

¢ High Speed Instrumentation Capable of delivering over 30mA of output current, the HA- 

e Data Acquisition Systems 2548 is ideal for precision, high speed applications such as 

* Analog Signal Conditioning signal conditioning, instrumentation, video/pulse amplifiers 
and buffers. 

e¢ Precision, Wideband Amplifiers : : of ; 
For information on the military version of this device please 

¢ Pulse/RF Amplifiers refer to the HA-2548/883 datasheet. 

Ordering Information 

PART TEMPERATURE 
NUMBER RANGE 

4050 10 85°C 

6 Lead Crane Sebvaze OP 

RASP 2548 

Pinouts 

HA-2548 HA-2548 HA-2548 
(PDIP, CDIP) (TO-99 CAN) (300 mil SOIC) 
TOP VIEW TOP VIEW TOP VIEW 


COMP 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2901 1 
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Specifications HA-2548 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage Between V+ and V- Terminals.............. 40V Operating Temperature Range 

Differential Input Voltage... ces eee eter ec esau eres 5V Soot cag, 2, SPE TEE SS Se renner ae 0°C < Ty < +75°C 
RMNOMNOC es dss st eens cat rr osadcctoern dies 40mA Koay ce, 9 OE ee eee eae rere: -40°C < Ty, < +85°C 
SRMIGHION) TOFIMIONGUNG 5 oo ocis nce s secede cs becesbucced +175°C Storage Temperature Range............... ~65°C < Ty < +150°C 
Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.).............000 +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, V- = -15V, R, = 1K, C, = 10pF, Unless Otherwise Specified. 


HA-2548-5, -9 LIMITS HA-2548A-5 LIMITS 
INPUT CHARACTERISTICS 


Input Offset Voltage +25°C 


Average Offset Voltage Drift (Note 12) 


uae 3 aR 
BR lee 9 Senet 
BE reel ae Me 
Be 
FR aed aaa 
csnaaes 
| Bes et 2B 
Ce 
Bs tek 
Be 
BE cea 
Me 


7 pVPC 


H+ 
N 


+10 


Common Mode Range +25°C 


Differential Input Resistance +25°C 


Input Noise Voltage +25°C 
(f = 0.1Hz to 10Hz) 
(f = 0.1Hz to 1MHz) 


Input Noise Voltage Density (Note 2) +25°C 


= 


ie = 
< 
a 


a 
< 
mo 
N 


(f = 1000Hz) +25°C 
Input Noise Current Density (Note 2) +25°C 
(f = 10Hz) 

(f = 100Hz) 


= 
E 


SPL [tte [Aa 


So 
N 


(f = 1000Hz) +25°C 
TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) +25°C 
Full 


| eC 

ee 

| 425°C 

| 25°C 

| ee 
i ee ee ee 
| Common Mode Rejection Ratio (Note4){ Ful =f 80 | 90 | 
Gain Bandwidth Product (Notes 5, 12) oe oe ee 
: ices BOs ae 
(eee ees, eel 

Deh. eae 

aoaomend 

zo 

| +25°C | 


So 
> 


H+- 
io) 
© 
i+ 
ww 
i¢) 


125 


Minimum Stable Gain Full 
OUTPUT CHARACTERISTICS 


Output Voltage Swing 


< 


Output Current (Note 6) 
Full Power Bandwidth (Note 7) 
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Specifications HA-2548 


Electrical Specifications V+ = +15vV, V- =-15V, R, = 1K, C, = 10pF, Unless Otherwise Specified. (Continued) 


we bee ee ey 


PARAMETER 
TRANSIENT RESPONSE 
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1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceable of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 


2. Refer to typical performance curve in data sheet. 
3. Voyr = t10V. 
4. Vow = t2V. 
5. Characterized in an Ay = -100 configuration from 100kKHz to 10MHz. 
6. Ry = 1kQ, Vout > eee Slow Rate 
7. Full Power Bandwidth is calculated by: FPBW = onV 
8. Vout = t5V, Ay = +5. EAK 
9. Voyr = +100mV, Ay = +5. 
10. Settling time is specified to 0.01% with a 10V step and Ay = -5. 
11. Delta Vs = +10V to t20V. 
12. These parameters are not tested. The limits are guaranteed based on lab characterization and reflect lot to lot variation. 


> Vpeak = 10V 
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HA-2548 


Schematic Diagram 


Die Characteristics 


EMI 5 Vox auvo din chain cee ecu SA eee 60 
Sue RENIN G0 ois Go A vv co aa ww Boi d ce eae 85 x 91 x 19 mils 
(2160 x 2320 x picasa 
PN oor 5, in soos ac gw OS Oh ek ke ee 
UR oy Sync cas asso ee Ree at High Frequency Bipolar DI 
Metallization 
PUR rik kalo ad REC Soca ed Aluminum, 1% Copper 
WINS ods ccd v an de ch He Re 16kA + 2kA 
Glassivation 
Ws 5 6 oc eo ines RRs 85 08s oe Tee PENA Nitride over Silox 
SR tN os 8 oss bv Soe 8 bcp ce doe 12kA + 2kA 
RR INNO os, a cab dS es ak anne 3.5kA + 1kA 
Thermal Constants (°C/W) Osa Bsc 
Sidebrazed Ceramic DIP ............. 75 12 
URINE nF ced oa be oko othe 92 30 
Re ir eX Goh hb de a KA 96 26 
se is Sor ny cana bene bw oku 105 32 


* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on conductor at V- potential. 
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Tested Offset Adjustment Range is 
IVog +1mVI minimum referred to 
output. Typical range is +20mV with 


FIGURE 1. SUGGESTED Vog ADJUSTMENT AND 
COMPENSATION HOOK UP 


HA-2548 
Test Circuits and Waveforms 


IN OUT 
8002 Ay = +5 


2000 


FIGURE 2. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 


Sony | 
eee 
IN 
OV se 
j 
r 
i 
OUT co 
” 
OV =! oc 
Oo wl 
p- 
qo 
ge 
5 < 
FIGURE 3. LARGE SIGNAL RESPONSE FIGURE 4. SMALL SIGNAL RESPONSE 
Vout = t5V, Ay = +5, Ry, = 1K, C, < 10pF Vout = £100mV, Ay = +5, R, = 1K, C, s 10pF 


+15V 
100 


2N4415 


TO 
OSCILLOSCOPE 
3.16K 


Vin c 10pF 


2K 


e Ay = 5 
e Feedback and summing resistors should be 0.1% matched. 
¢ Clipping diodes are optional. HP5082-2810 recommended. 


FIGURE 5. SETTLING TIME TEST CIRCUIT FIGURE 6. HA-2548 SETTLING TIME 
Ay = -5, Output = -10V Output Scale Vertical: 1mV/Div, 
Horizontal: 50ns/Div 


HA-2548 


Typical Performance Curves vg, =+15V, Ty = +25°C 
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qe ae 
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TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 7. Vio vs TEMPERATURE FIGURE 8. OFFSET CURRENT/BIAS CURRENT vs 
(3 Representative Units) TEMPERATURE 


OFFSET CHANGE (,:V) 
REJECTION (dB) 


0 1.0 2.0 3.0 4.0 5.0 6.0 


TIME (MINUTES) TEMPERATURE (°C) 
FIGURE 9. Vio WARM-UP DRIFT (NORMALIZED FROM ZERO) FIGURE 10. PSRR/CMRR vs TEMPERATURE 
(4 Representative Units) 


ee 
aoe 
i re me 
b shin] 
ie wee 
iis —~ SL 
g i Be is 
co cS ESB 
RS UREERRESES Bi oe Ge 
Ped Late es nae Dee 
-55 25 0 +25 +75 +4125 -55 -25 0 +25 +75 +125 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 11. Icg vs TEMPERATURE FIGURE 12. Ayo, vs TEMPERATURE 
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HA-2548 


Typical Performance Curves \zg = +15V, T, = +25°C (Continued) 


13 RL = 1kQ, CG; =< 10pF 
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FIGURE 13. Voy; vs TEMPERATURE FIGURE 14. Vio vs tVcc vs TEMPERATURE 
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FIGURE 17. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 18. Ayo. /Vour vs Ry, 
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HA-2548 


Typical Performance Curves vz, =+15V, T\=+25°C (Continued) 
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FIGURE 19. SLEW RATE vs TEMPERATURE 


Ay = +5, Vout = +100mV (200mVp_p) 
Ry = 1kQ, Cy < 10pF 


25 


as +75 +125 
TEMPERATURE (°C) 
FIGURE 21. OVERSHOOT vs TEMPERATURE 
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FIGURE 23. SLEW RATE vs COMPENSATION CAPACITANCE 


TO GND 


R, 2 1kQ, C, =< 10pF 


RISE TIME (ns) 
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* eaeaivons (°C) 


FIGURE 20. RISE TIME vs TEMPERATURE 
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CAPACITANCE (pF) 


FIGURE 22. GAINBANDWIDTH PRODUCT vs COMPENSATION 
CAPACITANCE TO GND 
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FIGURE 24. GAIN AND PHASE vs FREQUENCY 
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HA-2548 


Typical Performance Curves v, =+15V, Tj) =+25°C (Continued) 
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FIGURE 25. INPUT NOISE VOLTAGE DENSITY FIGURE 26. INPUT NOISE CURRENT DENSITY 
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S1i4n ss H16.Sm ROLL 


FIGURE 27. PEAK TO PEAK NOISE 0.1HZ TO 10HZ FIGURE 28. PEAK TO PEAK NOISE 0.1HZ TO 1MHZ 
p-p(RT!) = 691.4nV, rms(RTI) = 116.5nV, Ay = 25000 p-p(RTI) = 4.004y:V, rms(RTI) = 664.5nV, Ay = 25000 
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FIGURE 29. REJECTION RATIOS vs FREQUENCY 
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HA-2600, HA-2602 
HA-2605 


Wideband, High Impedance 
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March 1993 Operational Amplifiers 

Features Description 

© WE I eon bow cc So cdnce cos cehbbinedecceencs 12MHZ WHA-2600/2602/2605 are internally compensated 
¢ High Input Impedance .......... 2c eseecceeccceecces 500MQ bipolar operational amplifiers that feature very high 
© Cay Witt Biman Cnt Sc Sos ea ace cots eee eg inA_ input impedance (SOOMQ, HA-2600) coupled with 
¢ Low Input Offset Current...........002ceceeeeeeeeeeenes 1nA eat dase ie ck Be erie ries aT Etat cats 
¢ Low Input Offset Voltage ...........0ceeeeeneececeeees 0.5mV (0.5mV, HA-2600) and low bias and offset current 
e High Gain eeeeeeesese see ee eee eee esse eee eee eee 150kV/V (1nA, HA-2600) to facilitate accurate signal process- 
© HIG SISW RAND: eerie re ieee teste tees ese 7V/us ing. Input offset can be reduced further by means of 


e¢ Output Short Circuit Protection 
¢ Unity Gain Stable 


an external nulling potentiometer. 12MHz unity gain- 
bandwidth, 7V/us slew rate and 150kV/V open-loop 
gain enables HA-2600/2602/2605 to perform high-gain 
amplification of fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make 
these amplifiers ideally suited to pulse amplification 
designs as well as high frequency (e.g. video) applica- 
tions. The frequency response of the amplifier can be 
tailored to exact design requirements by means of an 
external bandwidth control capacitor. 


Applications 


e Video Amplifier 

¢ Pulse Amplifier 

e Audio Amplifiers and Filters 
¢ High-Q Active Filters 

e High-Speed Comparators 

¢ Low Distortion Oscillators In addition to its application in pulse and video 
amplifier designs, HA-2600/2602/2605 are particu- 
larly suited to other high performance designs such as 


Or dering Information high-gain low distortion audio amplifiers, high-Q and 


PARTNUMBER | TEMPERATURERANGE [PACKAGE 
HA2-26002 
rraz-2e022 | Sst Ha | BPInGan 
[raze0ss | __O°Gt0+75°G___|8PnGan 
rras-26055 | P0we750 | @lead Paste DP 


wideband active filters and high-speed comparators. 
For more information, please refer to Application Note 
515. 


The HA-2600 and HA-2602 are offered as /883 
Military Grade; product and data sheets are available 
upon request. 


Pinouts 


HA-2600/02 (CDIP) HA-2600/02/05 HA-2605, (PLCC) 
HA-2605 (PDIP, CDIP, SOIC) (TO-99 METAL CAN) TOP VIEW 
qe aN TOP VIEW Be 
Oo «a vO 8 © 
=a i ee z 
3] [21 [7] ba fis 
BAL | 1. | 8 | COMP 
4N a> V+ NC Fa NC 
4N Vv. 
an [3 '6] out = id Vs 
NC [6| Ha NC 
V- 4 | 5 | BAL +IN 15) OUT 


14 13 
222 


12 
ad 
< 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 2902.1 


Specifications HA-2600, HA-2602, HA-2605 


Absolute Maximum Ratings (Note 13) Operating Conditions 

Supply Voltage Between V+ and V- Terminals............. 45.0V Operating Temperature Range 

Differential Input Voltage... ........ 0. ce ccc cece cece eee 12.0V HA-2600/HA-2602-2 ..............0000- -55°C < Ty < +125°C 
Peak Output Current............... Full Short Circuit Protection ge ae doo ee ee ere 0°C < T, < +75°C 
JUNGUOD. TEMPOTAUMD «5 i oy: x.a.¢0 b-<cewers ce cien'sd owe ke +175°C COND tie eS 5 bisinie stn den gens 4s a oo * -40°C < Ty < +85°C 
Junction Temperature (Plastic Package) ............... +150°C Storage Temperature Range............... -65°C < Ty < +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V, = +15V D.C., Unless Otherwise Specified 


eras eee ee 
panameren | reue | ww [ve [wax | wn [ve [wax | wn [ TP 


INPUT CHARACTERISTICS 


Oris Voltage peste |} 05 | -a_} ft -a-|/ 8. 


Average Offset Voltage Drift 


ae 
Bias Current +25°C a ee 
Offset Current +25°C ae a 


Differential Input Resistance | +25°C 
(Note 10) 
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Input Noise Voltage Density | +25°C 
f = 1kKHz 
Input Noise Current Density | +25°C 
f = 1kHz 


Common Mode Range +11 


Large Signal Voltage Gain 
(Notes 1, 4) 
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Output Voltage Swing Full +10 | +12 
(Note 1) 


Output Current (Note 4) +25°C f +15 pwmel = +10 | +18 Peal 


Full Power Bandwidth +25°C 75 
(Notes 4, 11) 


ae] « 
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Specifications HA-2600, HA-2602, HA-2605 


Electrical Specifications v, =+15V D.C., Unless Otherwise Specified (Continued) 


[rye | wax] min | re | wax] in | Tye | 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio Full 
(Note 9) 


. Ry =2kQ 

» Vow =t10V 

- Vout < 90mV 

. Vout =t10V 

C, = 100pF 

Vout =t200mV 

Ay=+1 

. See Transient Response Test Circuits and Waveforms 

. AVs =t5V 

. This parameter value guaranteed by design calculations. Slew Rate 
. Full Power Bandwidth guaranteed by slew rate measurement: FPBW = ry 6, eae 
. Vout =t5V PEAK 


—_ bh 
“A SOOMDNDALWDND = 


12 

13. Absolute Maximum Ratings are limiting values applied individually beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 

14. Settling time is characterized at Ay = -1 to 0.1% of a 10 Volt step. 

15. Typical and minimum specifications for -9 are identical to those of -5. 
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HA-2600, HA-2602, HA-2605 


Schematic Diagram 


COMPENSATION 
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Die Characteristics 


I os Lies a sk ges ba oon 3 ES ates 140 Thermal Constants (°C/W) O54 Bic 
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OPERATIONAL 
AMPLIFIERS 


HA-2600, HA-2602, HA-2605 


Test Circuits 


pe eee Cae. ee eee po E A TEa EAE a 
90% Seeeeeoeseeeeee OUTPUT . 
OUTPUT snags. AaB 
10% ---00 SV i} SLEWRATE 
ov <— RISE TIME Pay | awaT 
FIGURE 1. TRANSIENT RESPONSE FIGURE 2. SLEW RATE 


NOTE: Measured on both positive and negative transitions from OV 
to +200mvV and OV to -200mV at the output. 


IN 
OUT 
2k 100pF > OUT 
2 be 
V- 
FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE FIGURE 4. SUGGESTED Vos ADJUSTMENT AND COMPENSA- 
TION HOOK UP 


NOTE: Tested offset adjustment range is IVog + 1MVI minimum referred 
to output. Typical ranges are +10mV with Ry = 100kQ 


Typical Performance Curves vz =+15VDC, T, = +25°C, Unless Otherwise Specified 


100 
EQUIVALENT INPUT 
NOISE vs BANDWIDTH 

S 

& 

WwW 

w” 
< Oo 10 
© z 10kQ SOURCE 
a Ee RESISTANCE 
a 2 
c E 
3 y 02 SOURCE 

@ RESISTANCE 

3 | 

THERMAL NOISE 
OF 10K RESISTOR 
0.1 
-50 -25 +25 +50 +75 = +100 +125 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 
TEMPERATURE (°C) UPPER 3dB FREQUENCY 
(LOWER 3dB FREQUENCY (10Hz)) 

FIGURE 5. INPUT BIAS CURRENT AND OFFSET CURRENT vs FIGURE 6. BROADBAND NOISE CHARACTERISTICS 


TEMPERATURE 
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HA-2600, HA-2602, HA-2605 


Typical Performance Curves \v,=+15VDC, T, = +25°C, Unless Otherwise Specified (Continued) 
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ree 
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8 . 3 
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bar Ww 
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0 
10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz100MHz 55 -35 -15 +5 +25 +45 +65 +85 +105 +125 
FREQUENCY TEMPERATURE (°C) 


FIGURE 7. OPENLOOP FREQUENCY AND PHASE RESPONSE FIGURE 8. INPUT IMPEDANCE vs TEMPERATURE (100Hz) 


Zo 
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Kas z 
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FREQUENCY FREQUENCY (Hz) 
FIGURE 9. OUTPUT VOLTAGE SWING vs FREQUENCY FIGURE 10. OPEN LOOP FREQUENCY RESPONSE FOR 


VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 


NOTE: External compensation components are not required for 
stability, but may be added to reduce bandwidth if desired. If 
External Compensation is used, also connect 100pF capac- 
itor from output to ground. 
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HA-2600, HA-2602, HA-2605 


Typical Performance Curves vz =+15VDC, T, = +25°C, Unless Otherwise Specified (Continued) 


20 


10 


COMMON MODE RANGE (+V) 


SUPPLY VOLTAGE (V) Tne ae cin 
FIGURE 11. COMMON MODE VOLTAGE RANGE vs SUPPLY FIGURE 12. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 


VOLTAGE 
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INPUT NOISE VOLTAGE (nV/VHz) 
INPUT NOISE CURRENT (pA/VHz) 


COMMON MODE REJECTION RATIO (dB) 
o 
°o 


100Hz 1kHz 10kHz 100kHz 1MHz 1 10 100 1K 10K 1 00K 
FREQUENCY FREQUENCY (Hz) 
FIGURE 13. COMMON MODE REJECTION RATIO vs FREQUENCY FIGURE 14. NOISE DENSITY vs FREQUENCY 


Typical Applications 


5SpF 
+5V +15V 


“ae + Ip) / i! 


>| tus |< 54666 4 
V+ DIGITAL CONTROL -15V 
FEATURES: ee 
1. Constant cell voltage DRIFT RATE = If C = 1000pF 
2. Minimum bias current error Then DRIFT = 0.01V/us Max 
FIGURE 15. PHOTO CURRENT TO VOLTAGE CONVERTER FIGURE 16. SAMPLE AND HOLD 
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HA-2600, HA-2602, HA-2605 


Typical Applications (Continued) 


FEATURES: Zin = 10'2Q Min. 

1. Minimum bias current in reference cell Zout = 0.012 Max. B.W. = 12MHz. Typ. 

2. Short Circuit Protection Slew Rate = 4V/us Min. Output Swing = +10V Min. to 50kHz 
FIGURE 17. REFERENCE VOLTAGE AMPLIFIER FIGURE 18. VOLTAGE FOLLOWER 


* Asmall load capacitance is recommended in all applications where practical to prevent possible high frequency oscillations resulting from 
external wiring parasitics. Capacitance up to 100pF has negligible effect on the bandwidth or slew rate. 
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OPERATIONAL 


AMPLIFIERS 


HA-2620, HA-2622 
HA-2625 


Very Wideband, 


FARRIS 


SEMICONDUCTOR 


Riaribh 9803 Uncompensated Operational Amplifiers 

Features Description 

¢ Gain Bandwidth Product (Ay >5)........... 1OOMHz HA-2620/2622/2625 are bipolar operational amplifiers that 

¢ High Input Impedance.............00.2000. 500MQ_ feature very high input impedance (500M HA-2620) 

¢ Low Input Bias Current...................e00- ina coupled with wideband AC performance. The high 

© Low Input Offset Current 1A resistance of the input stage is complemented by low offset 
Sa ei ohh ea eat a voltage (0.5mV, HA-2620) and low bias and offset current 

* Low Input Offset Voltage.................+.- 0.5mMV —(1nA, HA-2620) to facilitate accurate signal processing. Input 

© High Gain .... 2.22... cece ee ccccccsonne ne 150kV/V offset can be reduced further by means of an external nulling 

© High Slow Rai. isin iistes AWéb so soo mubeatede 35V/us potentiometer. The 100MHz gain bandwidth product (HA- 


2620/2622/2625 are stable for closed loop gains greater 
than 5), 35V/us slew rate and 150kV/V open loop gain 
enables HA-2620/2622/2625 to perform high gain amplifica- 
tion of very fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make these 
amplifiers ideally suited to pulse amplification designs as 
well as high frequency (e.g. video) applications. The 
frequency response of the amplifier can be tailored to exact 
design requirements by means of an external bandwidth 
control capacitor connected from the Comp pin to GND. 


e¢ Output Short Circuit Protection 


Applications 


e Video and R.F. Amplifier 

¢ Pulse Amplifier 

¢ Audio Amplifiers and Filters 
¢ High-Q Active Filters 

¢ High Speed Comparators 

¢ Low Distortion Oscillator 


In addition to its application in pulse and video amplifier 
designs, HA-2620/2622/2625 is particularly suited to other 
high performance designs such as high-gain low distortion 
audio amplifiers, high-Q and wideband active filters and 


Ordering Information 


PART TEMPERATURE 

NUMBER RANGE 
[rae-26202 | —-S5°G 10 vi25rC 
[HA2-26022 | 55°10 126°C 


0°C to +75°C 


HA7-2620-2 -55°C to +125°C 8 Lead Ceramic DIP 
HA7-2622-2 -55°C to +125°C 8 Lead Ceramic DIP 
HA7-2625-5 0°C to +75°C 8 Lead Ceramic DIP 


high-speed comparators. For more information, please refer 
to Application Notes 509, 519 and 546. 


The HA-2620 and HA-2622 are both offered as /883 Military 
Grade with the HA-2622 also available in LCC packages. 
MIL-STD-883 data sheets are available upon request. 


Pinouts 
HA-2620/22 (CDIP) HA-2620, HA-2622, HA-2625 HA-2625, (PLCC) 
HA-2526 (CDIP, PDIP, SOIC) CAN TOP VIEW 
TOP VIEW TOP VIEW = B 
2s28 8 
3] [2] |i] Po fig 
BAL {1 13] ComP ws 
4N a> 7] Ve nc [4 iq NC 
HN 13) 16 | OUT 15) 17] V+ 
NC & NC 
v- [4 5] BAL - 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


NCio| 


v- 
NCI 


13] 
2 


12 
at 
< 
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File Number 2903.1 
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Specifications HA-2620, HA-2622, HA-2625 


Absolute Maximum Ratings Operating Temperature Ranges 

Supply Voltage (Between V+ and V- Terminals)............. 45V Operating Temperature Range 

Differential Input VOREQOs e220. cc ee PEE EC eee 12.0V HA-26207FA-2622-2 2. tcc ccc eden ces -55°C < Ty s +125°C 
Peak Output Current............... Full Short Circuit Protection ope 4s emcees pegging DennRe Marae Magee sre 0°C < Ty s +75°C 
Hinction Termperalwe 5. TI a eT Leelee +175°C PINPOG2S-O bh ire ccd oe Celie che eats -40°C < T, < +80°C 
Junction Temperature (Plastic Package) ............... +150°C Storage Temperature Range............... -65°C < Ty < +150°C 
Lead Temperature (Soldering 10 Sec.)...............-. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V, = +15VDC, Unless Otherwise Specified. 


PARAMETER TEMP 


INPUT CHARACTERISTICS 


Offset Voltage 
(Note 1) 


Average Offset Full 
Voltage Drift 
Bias Current 


Offset Current 
Differential Input +25°C 
Resistance (Note 11) 
Input Noise Voltage +25°C 
Density f= 1kHz 
Input Noise Current +25°C 
Density f = 1kHz 
TRANSFER CHARACTERISTICS 


aE: 


Common Mode Rejec- Full 
tion Ratio (Note 4) 
Minimum Stable Gain 


Gain Bandwidth Prod- +25°C 
uct (Notes 2, 5, 6) 


1 


+11 


Large Signal Voltage 
Gain (Notes 2, 3) 


p= | 
Ss 
2 
N 


pS 
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OPERATIONAL 


AMPLIFIERS 


Specifications HA-2620, HA-2622, HA-2625 


Electrical Specifications v, = +15VDC, Unless Otherwise en tae 


iin_| we [ae eta a [rh 


OUTPUT CHARACTERISTICS 


Output Voltage Swing +10 +12 +10 +12 +10 +12 Vv 
(Note 2) 

Output Current +25°C +22 

(Note 3) 

Full Power Bandwidth +25°C 

(Notes 2, 3, 7, 12) 

TRANSIENT RESPONSE (Note 8) 

Rise Time +25°C 17 

(Notes 2, 7, 8) 

Slew Rate +25°C +25 
(Notes 2, 7, 8, 10) 


POWER SUPPLY CHARACTERISTICS 


Power Supply Rejec- 
tion Ratio (Note 9) 


NOTES: 

. Offset may be externally adjusted to zero. 

Ry, = 2kQ. 

- Vout = +10.0V. 

~ Voy = +10V. 

. Vout < 90mV. 

40dB Gain. 

. See Transient Response Test Circuits & Waveforms. 
- Ay =5 (The HA-2620 family is not stable at unity gain without external compensation). 
. AVs = +5V. 

10. Voyr = +5V. 

11. This parameter value guaranteed by design calculations. 

12. Full Power Bandwidth guaranteed by slew rate measurement: FPBW = 


OMONOMhWOND = 


Slew Rate 


2mVpEAK 


13. Absolute Maximum Ratings are limiting values applied individually beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 
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HA-2620, HA-2622, HA-2625 


Schematic Diagram 
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ANPUT 


Die Characteristics 
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HA-2620, HA-2622, HA-2625 


Test Circuits 


SLEW RATE AND 
TRANSIENT RESPONSE SLEW RATE TRANSIENT RESPONSE 


: SLEW RATE 
—! AT —<— == AV/AT 


NOTE: Measured on both positive and negative transistions from OV to +200mV 
and OV to -200mV at output. 


SUGGESTED Vos AD- 
JUSTMENT AND COM- 
PENSATION HOOK-UP 


Tested Offset Adjustment is 
IVog + ImVI minimum 
referred to output. Typical 
range is +10mV with R; = 
100kQ. 


Typical Performance Curves v, = +15VDC, T, = +25°C, Unless Otherwise Specified. 


100 
EQUIVALENT INPUT 


= NOISE vs SAROWIOTY 
=. 
we 10kQ SOURCE 
=z 7] RESISTANCE 
S So 10 
- = 02 SOURCE 
z 5 RESISTANCE 
red 3 
= - 
oO y 3 
2 1 
= 
a 
g THERMAL NOISE OF 
10K RESISTOR 
1 
50-25 0 425 450) 475 4100 4125 eee eee f Eisesal me See ee 
TEMPERATURE (°C) LOWER 3dB FREQUENCY (10Hz) 
FIGURE 1. INPUT BIAS CURRENT AND OFFSET CURRENT vs FIGURE 2. BROADBAND NOISE CHARACTERISTICS 


TEMPERATURE 


my 
z= —~ 
z ~~ 
z oS 
w c wl 
wi 
: . 3 
tty Ww 
od a 
5 : = 
wi _ 
= ee 
Wu = 
a a. 
(o) 
0 
10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz100MHz 55 -35 “15 +5 +25 +45 +65 +85 +105 +125 
FREQUENCY TEMPERATURE (°C) 


FIGURE 3. OPEN LOOP FREQUENCY AND PHASE RESPONSE FIGURE 4. INPUT IMPEDANCE vs TEMPERATURE, 100Hz 
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_ HA-2620, HA-2622, HA-2625 


Typical Performance Curves vs = +15VDC, T, = +25°C, Unless Otherwise Specified. (Continued) 


+20V SUPPLY 


+15V SUPPLY 
+10V SUPPLY 


PEAK VOLTAGE SWING (+V) 
OPEN LOOP VOLTAGE GAIN (dB) 


-20 
10kHz 100kHz 1MHz 10MHz 100MHz 10Hz 100Hz kHz =10kHz 100kHz %1MHz # 10MHz 
FREQUENCY FREQUENCY 
FIGURE 5. OUTPUT VOLTAGE SWING vs FREQUENCY FIGURE 6. OPENLOOP FREQUENCY RESPONSE FOR VARIOUS 


VALUES OF CAPACITORS FROM COMP. PIN TO GND 
NOTE: External Compensation is required for closed loop gain < 5. 


If external compensation is used, also connect 100pF capac- z wo 
itor from output to ground. =o 
Oo Ww 
fh 
120 = a 
TT 
Qo. 
re} < 
a SUPPLY 


COMMON MODE RANGE (+V) 


80 
6 35 -16 5S 2% 4 6 @ 10 125 
SUPPLY VOLTAGE (V) TEMPERATURE (°C) 
FIGURE 7. COMMON MODE VOLTAGE RANGE vs SUPPLY FIGURE 8. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 
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FIGURE 9. NOISE DENSITY vs FREQUENCY 
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HA-2620, HA-2622, HA-2625 


Typical Applications 


2.2kQ 


> Vout 
+5.0V, OV 


50pF* 


0.01pF 


VREF -15V 


Pcceorane Gate | : 
OUTPUT 4(Ry+R2)C = =_output 
FIGURE 10. HIGH IMPEDANCE COMPARATOR FIGURE 11. FUNCTION GENERATOR 
5pF 
© Vout 


50pF* 
BW = 1MHz { 
GAIN = 40dB 


*A small load capacitance of at least 30pF (including stray capacitance) 
is recommended to prevent possible high frequency oscillations. 


FIGURE 12. VIDEO AMPLIFIER 
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MHARRIS HA-2640, HA-2645 


SEMICONDUCTOR 


March 1993 High Voltage Operational Amplifiers 

Features Description 

e Output Voltage Swing.................... ee eee +35V HA-2640 and HA-2645 are monolithic operational amplifiers 
which are designed to deliver unprecedented dynamic spec- 

© SOPPMY VONAGS.« «see e esse eee se ens IOV to TA0Y ifications for a high voltage internally compensated device. 

0 Ca a oe a earn 5nA_ These dielectrically isolated devices offer very low values for 
offset voltage and offset current coupled with large output 

*: Bans cis (atid co caae.e s tah cccncubaans oe 4MHz voltage swing and common mode input voltage. 

© Slow Rate .... 2... eeeecencescccenseseces 5V/U8 For maximum reliability, these amplifiers offer unconditional 

¢ Common Mode input Voltage Range............ +35y output overload protection through current limiting and a chip 
temperature sensing circuit. This sensing device turns the 

¢ Output Overload Protection amplifier “off”, when the chip reaches a certain temperature 
level. 

Applications 


These amplifiers deliver +35V common mode input voltage 


e Industrial Control Systems range, +35V output voltage swing, and up to +40V supply z ” 

ns RT range for use in such designs as regulators, power supplies, S fr 

ower SuppHes and industrial control systems. 4MHz gain bandwidth and =i 

e High Voltage Regulators 5V/us slew rate make these devices excellent components - a 

for high performance signal conditioning applications. Out- u S 

¢ Resolver Excitation standing input and output voltage swings coupled with a low 5 < 
° Signal Conditioning 5nA offset current make these amplifiers excellent compo- 


nents for resolver excitation designs. 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


HAT 26402 


Pinouts 
HA-2640/2645 HA-2640/2645 
(CDIP) (TO-99 CAN) 
TOP VIEW TOP VIEW 
BAL | 1| |8 | COMP 
AN : BS V+ 
+IN | 3 | |6 | OUT 
v- | 4 | 5 | BAL 
(TO-99 CASE VOLTAGE = V-) 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2904.1 
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Specifications HA-2640, HA-2645 


Absolute Maximum Ratings (Note 12) Operating Conditions 

Voltage Between V+ and V- Terminals................... 100V Operating Temperature Range 

Differential Input Voltage Range................eeceeeeee 37V FRAG ss 6 vb oe thre ees -55°C < Ty < +125°C 

CRUE os vies ses es seks Full Short Circuit Protection HAO iat c's ica bases eee kaa 0°C < Ty < +75°C 

Junction Temperature... sce. bie ee deny +175°C Storage Temperature Range............... -65°C < Ty < +150°C 

Lead Temperature (Soldering 10 Sec.)................. +300°C Thermal Package Characteristics (°C/W) Oya Bic 
CMOIOUIH soe tat cee Uwe saeeoees 114 34 
Ms st gta Ne dae Sak ee Se ee Os 108 33 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vgypp.y = +40V, R, = 5kQ, Unless Otherwise Specified 


a 
a 
z 


INPUT CHARACTERISTICS 


Offset Voltage 


PARAMETER | MIN 


Vv 


3 


pVv°C 


So 


H+- 
Go 
or 


TRANSFER CHARACTERISTICS 


kV/V 


Large Signal Voltage Gain (Note 8) 


[GonenonodeRactonraio ow) | ra | oo | 100 
Minimum Stable Gain ee ey eee 
zeae ara 
[oiouvotne svg id 

Ce a 

Fa PoverBerdwan poser | ac | 


TRANSIENT RESPONSE (Note 7) 
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Supply Current 
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HA-2640, HA-2645 


Electrical Specifications Vsyppyy = +40V, R, = 5kQ, Unless Otherwise Specified (Continued) 


HA-2640-2 HA-2645-5 
-55°C to +125°C 0°C to +75°C 
PARAMETER TEMP 


Power Supply Rejection Ratio (Note 5) 


NOTES: 

- Voy = t20V 

- Vout = 90mV 

. Vout = £35V 

- Vour = t200mV 

. Vg = t10V to t40V 

Ay = +1 

. C, = 50pF, R, = 5kQ 

. Vout = t30V 

~ Ri = 1kQ 

. This parameter based upon design calculations. 
. Full Power Bandwidth guaranteed based upon slew rate measurement: FPBW = S.R/21Vpeax; Vpeak = S5V. 


. Absolute Maximum Ratings are limiting values applied individually beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 
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HA-2640, HA-2645 


Test Circuits and Switching Waveform 


Tested offset adjustment range 
is IVog +1mVI minimum referred 
to output. Typical range is 
+20mV with Ry = 10kQ. 


5K L 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST FIGURE 2. SUGGESTED Vog ADJUSTMENT AND COMPENSA- 
CIRCUIT TION HOOK UP 


Ry, = 5K, Cc, = 50pF, Ta = +25°C, Vs =+40V 


Vertical = 10V/Div. 
Horizontal = 5ys/Div. 


FIGURE 3. VOLTAGE FOLLOWER PULSE RESPONSE 


Typical Performance Curves \;+ = v- = 40VDC, 1, = +25°C, Unless Otherwise Specified 
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FIGURE 5. INPUT NOISE CHARACTERISTICS 
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FIGURE 4. INPUT BIAS AND OFFSET CURRENT vs TEMPERA- 
TURE 
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HA-2640, HA-2645 


Typical Performance Curves \+ = \- = 40VDC, T, = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 6. NORMALIZED AC PARAMETERS vs TEMPERATURE FIGURE 7. OPEN LOOP FREQUENCY AND PHASE RESPONSE 
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FIGURE 8. NORMALIZED AC PARAMETERS vs SUPPLY FIGURE 9. OPEN LOOP FREQUENCY RESPONSE FOR VARI- 
VOLTAGE AT +25°C OUS VALUES OF CAPACITORS FROM COMPEN- 
SATION PIN TO GROUND 
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FIGURE 10. OUTPUT VOLTAGE SWING vs FREQUENCY AT +25°C FIGURE 11. OUTPUT CURRENT CHARACTERISTIC 
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HA-2640, HA-2645 


Typical Performance Curves v;+ = v- = 40VDC, T, = +25°C, Unless Otherwise Specified (Continued) 


SUPPLY CURRENT (mA) 
OUTPUT VOLTAGE SWING (+V) 


SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V) 
FIGURE 12. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 13. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE 
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a FARRIS 


SEMICONDUCTOR 


HA-2705 


Low Power, High Performance 


March 1993 Operational Amplifier 
Features Description 
ee eR RR see nee oe ee 20V/us The HA-2705 is a general purpose amplifier which operates 
at very low power levels without compromising large signal 
* Low Power Dissipation ........... 2.25mW at £15.0V response characteristics or output drive capability. Advanced 
e High Open Loop Gain ........... 300kV/V (R, = 2kQ) circuit design techniques and the use of vertical NPN and 
PNP transistors make possible the attainment of very high 
e Low Input Bes CUNO. occ kb bbceccepeeveetts 5nA gain with a single stage of voltage amplification. This 
e Low Offset Voltage.............cceeeeeeeeees imvV ensures closed loop stability even in the critical unity gain 
follower mode, without the use of external compensation 
e High CMRR seeseeceeeseeeeseeoseeveeseeeeseeeees 106dB components. 
¢ Wide Power Supply Range........... +5.5V to +20.0V The circuit is intended for use in applications that require fast 
e Fully Internally Compensated large signal response with low power dissipation and for 
instrumentation applications in which low offset voltage, low 
¢ Output Short Circuit Protected bias current drift, large voltage gain and high common mode ze 
Offset Null Capabili rejection are necessary. Full output short circuit protection <q”) 
% pany and the large differential input breakdown enable the device 5 i 
to withstand a variety of fault conditions. = # 
App lications For military grade product, please refer to the HA-2700/883 TT = 
¢ Instrumentation datasheet. o< 
° Battery Powered Circuits Ordering Information 


e Portable instruments 
¢ Remote Data Logging 


NUMBER RANGE DESCRIPTION 


Pinouts 
HA-2705 HA-2705 
(PDIP, SOIC) (TO-99 METAL CAN) 
TOP VIEW TOP VIEW 
BAL (NOTE 1) 
OUT 
NC 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3391 
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Specifications HA-2705 


Absolute Maximum Ratings 


Operating Conditions 


Voltage Between V+ and V- Terminals...............000- PUR vo oo oe ek cba pa ee wee le 0°C < Ty s +75°C 
Differential Input Voltage. ..... 6... eee ee eee eee eee 18V Storage Temperature Range............... -65°C < Ty, s +150°C 
I so ech Veter ss seag asses «6 cane ee iene V+toV- Thermal Resistance (°C/W) ............ Oya Bic 
Junction Temperature (Hermetic). ............ 0000 e eee +175°C Plastic DIP Package... ose ccccucees 94 32 
Junction Temperature (Plastic Package) ............... +150°C BN Fae on es tine pina ochae 157 43 
Lead Temperature (Soldering 10s)............0eeee0e: +300°C Nes HAOE COIR. ois os oS Gass vas 114 35 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, V- = -15V, R, = 5kQ Unless Otherwise Specified. 


HA-2705-5 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage (Note 1) 


mee | | 


N 
r=) 
= 

< 


=) 


Offset Current 


Comer oe 


TRANSFER CHARACTERISTICS 


Vv 


Large Signal Voltage Gain (Notes 2 and 3) 


kV/V 


k 


Common Mode Rejection Ratio (Note 4) 
Gain Bandwidth Product (Note 2) 


Minimum Stable Gain VV 
OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 2) V 


Output Current (Note 3) 


TRANSIENT RESPONSE CHARACTERISTICS 


Slew Rate (Notes 2 and 6) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


+ 
Nm 
oO 
° 
4 


1. Can be adjusted to zero with 1MQ potentiometer between Pins 1 and 8 with the wiper to V+. 
2. Ry = 2kQ, C, = 100pf 

3. Vo = +10.0V 

4. Voy = +5.0V 

5. Vg = +10.0V to +20.0V 

6. Ay=5 
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HA-2705 


Die Characteristics 


DIE DIMENSIONS: 
70 x 60 x 19+ 1Imils 


METALLIZATION: 
Type: Al, 1% Cu 
Thickness: 16kA + 2kA 


GLASSIVATION: 
Type: Nitride sites Silox (SiOz, 5% Phos) 
Silox Thickness: 12 oF kA 
Nitride Thickness: 3. +2 


DIE ATTACH: 
Material: Silver Epoxy - Plastic DIP and SOIC 
Silver Epoxy - TO-99 Metal Can 


Metallization Mask Layout 
HA-2705 


OUTPUT 
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OPERATIONAL 
AMPLIFIERS 


2S henne HA-2839 


Very High Slew Rate Wideband 


March 1993 Operational Amplifier 
Features Description 
© LOW SUD DlY CUITONt ss occ colds edevcctewsnes 13mA The HA-2839 is a wideband, very high slew rate, operational 
amplifier featuring superior speed and bandwidth character- 
SNAEY ENE SOW FMD ono acne eo rianien cies ine 625V/us istics. Bipolar construction, coupled with dielectric isolation, 
PRON OO MIN cck J uawenes 06 cob nee 25kV/V___ delivers outstanding performance in circuits with a closed 
| in of 10 ter. 
° Wide Gain-Bandwidth (Ay > 10) .......-.--- am eS 
A 625V/us slew rate and a 600MHz gain bandwidth product 
¢ Full Power Bandwidth ............++.see0e. TOMHZ ensure high performance in video and RF amplifier designs. 
e Low Offset Voltage. ..........cceeeecccccees 0.6mV Differential gain and phase are a low 0.03% and 0.03° 
> respectively, making the HA-2839 ideal for video 
e Differential Gain/Phase eeoeeeeeeseseeees 0.03%/0.03 applications. A full +10V output swing, high open loop gain, 
e Enhanced Replacement for EL2039 and outstanding AC parameters, make the HA-2839 an 
excellent choice for high speed Data Acquisition Systems. 
Applications The HA-2839 is available in commercial and industrial 
temperature ranges, and a choice of packages. For military 
© Pines end Visieo Amplifiers grade product, refer to the HA-2839/883 data sheet. 
e Wideband Amplifiers 
¢ High Speed Sample-Hold Circuits Ordering Information 


e RF Oscillators 


in [RE | 
NUMBER RANGE 


Pinout 


HA-2839 
(CDIP, PDIP) 
TOP VIEW 


NOTE: (NC) No Connection pins may be tied to a ground 
plane for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. File Number 2841 1 
Copyright © Harris Corporation 1992 9.392 


Specifications HA-2839 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals..............20000: 35V Operating Temperature Range 

CPPS) WEE MOND ni. cocienccenereatiicsecnenevundas 6V REARS «055 06 Tak bt Pa ek eh Oh 0°C < Ty s +75°C 

GuipGrGilwent . Sac. 7. SPT dae fe LEAR 50mA HA-2830-0 6. ois vais vs HS OMIT. woes -40°C < Ty, < +85°C 

Internal Quiescent Power Dissipation (Note 2) Recommended Supply Voltage Range............... +7V to t15V 

A BT RR aaa Sar a oP Ge a +175°C Storage Temperature Range............... -65°C < Ty s +150°C 

Junction Temperature (Plastic Package) ............... +150°C Thermal Package Characteristics (°C/W) Oya Bic 

Lead Temperature (Soldering 10 Sec.)................. +300°C Ceramic DIP Package............... 71 14 
PUG 1 POGKEOO vce cece eseds 107 38 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppy = +15V, R, = 1kQ, C, < 10pF, Unless Otherwise Specified. 


HA-2839-5, -9 


INPUT CHARACTERISTICS 
Offset Voltage (Note 13) 


+ 
NM 
on 
° 
3 
< 


Average Offset Voltage Drift 
Bias Current (Note 13) 


Offset Current 


Input Resistance 


Input Capacitance 


j++ 
sa 
So 


Common Mode Range 


nV/ JHz 
pA/ JHz 


Input Noise Voltage (f = 1KHZ, Rgoyrce = 0Q, Note 13) 


> 
Or 
o 


Input Noise Current (f = 1kHz, Rgoyrce = 10kQ, Note 13) 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 3) 


$ 


Common-Mode Rejection Ratio (Notes 4, 13) 
Minimum Stable Gain 

Gain Bandwidth Product (Notes 5, 12, 13) 
OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notes 3, 13) 
Output Current (Notes 3, 13) 

Output Resistance 

Full Power Bandwidth (Notes 3, 7) 
Differential Gain (Notes 6, 11) 

Differential Phase (Notes 6, 11) 

Harmonic Distortion (Notes 6, 13, 14) 


on 
< 


Full +10 
Full +10 


=) 
BEE 


+ 
nm 
on 
° 
hag 
N 


NI 
© 
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OPERATIONAL 


AMPLIFIERS 


Specifications HA-2839 


Electrical Specifications Vsyppyy = +15V, Ry, = 1kQ, C, < 10pF, Unless Otherwise Specified. (Continued) 


HA-2839-5, -9 
PARAMETER TEMPERATURE | MIN | TYP | MAX | 


(| RES MSN EST SE Rea oe 
ES CO 
SeumngTine:tOvVSepware ———S~S~CSSC SY CT 
[Spy CurentNowig) SSCS Sd rd 
Power Suppy Roecton Rate Wawa id’ CT | | | 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily implied. 


2. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175°C for 
ceramic packages and below +150°C for plastic packages. 


. Ry = 1kQ, Vo = t10V, OV to t10V for slew rate. 


3 
4. Vow = +10V. 
5. Vo = 90mV. 
6. Ay = +10. 
‘ ; Slew Rate 
7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = eae o a (Vpe AK= 10V). 
8. Refer to Test Circuit section of data sheet. PEAK 
9 


. Vsyuppry = t10VDC to t20VDC. 
10. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
11. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. 
12. Ay = +100. 
13. See “Typical Performance Curves” for more information. 
14. Vo = 2Vp.p, f = 1MHz. 
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HA-2839 


Test Circuit 
TEST CIRCUIT 
OUT 

9002 NOTE: 
Vs = +15V 
Ay = +10 

1002 C. < 10pF 

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Input = 1V/Div. Input = 10mV/Div. 
Output = 5V/Div. Output = 100mV/Div. 
50ns/Div. 50ns/Div. 


INPUT scuba dnc nineaore 


OPERATIONAL 
AMPLIFIERS 


OUTPUT foe a . ‘ee pm OUTPUT a. 


SETTLING TIME TEST CIRCUIT 
V+ 


e Ay=-10 
e Load Capacitance should be less than 10pF. 


e It is recommended that resistors be carbon composition 
? OUTPUT = and that feedback and summing network ratios be 
PROBE matched to 0.1%. 


MONITOR 
ae ¢ SETTLING POINT (Summing Node) capacitance should 
= be less than 10pF. For optimum settling time results, it is 

recommended that the test circuit be constructed directly 
onto the device pins. A Tektronix 568 Sampling 
Oscilloscope with S-3A sampling heads is recommended 
as a settle point monitor. 


INPUT © 


SETTLING. 
POINT 
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Die Characteristics 


DIE DIMENSIONS: 
65 x 52x 19+ 1mils 
(1650 x 1310 x 483um) 


METALLIZATION: 
Type: Aluminum, 1% Copper 
Thickness: 16kA + 2 


GLASSIVATION: 
Type: Nitride over 8 
Silox Thickness: 12 oe 
Nitride thickness: 3.5kA + 1kA 


Metallization Mask Layout 


HA-2839. 


DIE ATTACH: 
Material: Epoxy-Plastic DIP 
Gold Eutectic-Ceramic DIP 


WORST CASE CURRENT DENSITY: 
1.3 x 10° A/cm? at 3.4mA 


SUBSTRATE POTENTIAL (POWERED UP): V- 
TRANSISTOR COUNT: 34 
PROCESS: High Frequency Bipolar Dielectric Isolation 


HA-2839 
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HA-2839 


Typical Performance Curves 1, = +25°C, Vsyppiy = +15V, Ry, = 1kQ, C, < 10pF, Unless Otherwise Specified 
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FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS 
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FIGURE 3. GAIN BANDWIDTH PRODUCT vs TEMPERATURE 
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FIGURE 5. PSRR vs FREQUENCY 
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OPERATIONAL 
AMPLIFIERS 


HA-2839 


Typical Performance Curves 1, = +25°C, Vsuppuy = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 


SLEW RATE (Vius) 
SLEW RATE (V/us) 


450 
60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 5 6 7 8 O90 = 44 128 99 1418 
_ TEMPERATURE (°C) SUPPLY VOLTAGE (+V) 
FIGURE 7. SLEW RATE vs TEMPERATURE FIGURE 8. SLEW RATE vs SUPPLY VOLTAGE 


BIAS CURRENT 


OFFSET VOLTAGE 


INPUT BIAS CURRENT (A) 
INPUT OFFSET VOLTAGE (mV) 
SUPPLY CURRENT (mA) 


60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 = 8 oF 8 S..408..11 12 13 4: 1% 
TEMPERATURE (°C) SUPPLY VOLTAGE (+V) 
FIGURE 9. INPUT OFFSET VOLTAGE AND INPUT BIAS CURRENT FIGURE 10. SUPPLY CURRENT vs SUPPLY VOLTAGE 
vs TEMPERATURE 


750 


= : Ct ee = 
inate BE HEI BV, 1kQ 
tt a. Hey, — 


POSITIVE OUTPUT SWING (V) 
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60 -40 -20 0 +20 +40 +60 +80 +100+120 +140 TEMPERATURE (°C) 
TEMPERATURE (°C) 
FIGURE 11. POSITIVE OUTPUT SWING vs TEMPERATURE FIGURE 12. NEGATIVE OUTPUT SWING vs TEMPERATURE 
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HA-2839 


Typical Performance Curves 1, = +25°C, Vsyppry = +15V, Ry, = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 
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FIGURE 13. MAXIMUM UNDISTORTED OUTPUT SWING vs FIGURE 14. TOTAL HARMONIC DISTORTION vs FREQUENCY 


FREQUENCY 


OPERATIONAL 
AMPLIFIERS 


THIRD INTERMOD PRODUCT (dBc) 


500K 1M 10M 
FREQUENCY (Hz) 
FIGURE 15. INTERMODULATION DISTORTION vs FREQUENCY 
TWO TONE 
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Et ooo HA-2840 


Very High Slew Rate Wideband 


March 1993 Operational Amplifier 
Features Description 
e Low Supply Current............2eeceecccees 13mA The HA-2840 is a wideband, very high slew rate, operational 
amplifier featuring superior speed and bandwidth character- 
© Mery High Slow Rate... ee..+seceseserees 625V/u8 istics. Bipolar construction, coupled with dielectric isolation, 
e Open Loop Gain... ..... cece eee cc ewes 25kV/V__ delivers outstanding performance in circuits with a closed 
loop gain of 10 or greater. 
* Wide Gain-Bandwidth (Ay > 10) ..........+- 600MHz 9 . 
A 625V/us slew rate and a 600MHz gain bandwidth product 
* Full Power Bandwidth ............+.-...+- TOMH2 ensure high performance in video and RF amplifier designs. 
© tw CONST VORMGS. foe eae 0.6mV Differential gain and phase are a low 0.03% and 0.03° 
> respectively, making the HA-2840 ideal for video 
e Differential Gain/Phase eeeseeeseees sess 0.03%/0.03 applications. A full +1 OV output swing, high open loop gain, 
¢ Enhanced Replacement for EL2039 and outstanding AC parameters, make the HA-2840 an 
excellent choice for high speed Data Acquisition Systems. 
Applications The HA-2840 is available in commercial and industrial 


temperature ranges, and a choice of packages. See the 
“Ordering Information” below for more information. For mili- 
e Wideband Amplifiers tary grade product, refer to the HA-2840/883 data sheet. 


e Pulse and Video Amplifiers 


e High Speed Sample-Hoid Circuits 


© RF Oscillators Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
HA1-2840-5 0°C to +75°C ~—- |: 14 Lead Ceramic DIP 
HA3B2840-5 0°C to +75°C 14 Lead Plastic DIP 


HA7-2840-5 0°C to +75°C 


HA3-2840-5 0°C to +75°C 8 Lead Plastic DIP 
HA1-2840-9 -40°C to +85°C 14 Lead Ceramic DIP 


HA3B2840-9 -40°C to +85°C 14 Lead Plastic DIP 
[HAT-2640-9 | 40°C to 485°C 
[raszeaoe [AOC v85%0 


Pinouts 
HA-2840 HA-2840 
(CDIP, PDIP, SOIC) (CDIP, PDIP) 
TOP VIEW TOP VIEW 
NOTE: (NC) No Connection pins may be tied to a ground plane for better isolation and heat dissipation. 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2842.1 
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Specifications HA-2840 


Absolute Maximum Ratings (Note 1) Operating Conditions 
Voltage Between V+ and V- Terminals...............00065 35V Operating Temperature Range 
Differential Input Voltage. ... 2... kk eee eee cee ee cece eee 6V I Re ae ire par ee i 0°C < Ty < +75°C 
Gutpue Cuaron’ S55 6c Si.. §. WIM. ds. ARELEARR 50mA FA2BAG-O oon ccna c ccc REN EAR os we -40°C < T, s +85°C 
Internal Quiescent Power Dissipation (Note 2) Recommended Supply Voltage Range............... +7V to t15V 
Ape ge eae eer er ree ere +175°C Storage Temperature Range............... -65°C < Ty < +150°C 
Junction Temperature (Plastic Package) ............... +150°C Thermal Package Characteristics (°C/W) Oj Bic 
Lead Temperature (Soldering 10 Sec.)..............26- +300°C 14 Lead Ceramic DIP Package........ 71 14 

14 Lead Plastic DIP Package ......... 107 38 

8 Lead Ceramic DIP Package......... 115 36 

8 Lead Plastic DIP Package .......... 96 oe 

GGG ONG Sods ckirese css siden 157 43 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppiy = +15V, R, = 1kQ, C, < 10pF, Unless Otherwise Specified. 


HA-2840-5, -9 
PARAMETER TEMPERATURE | MIN | TYP | MAX 


INPUT CHARACTERISTICS 


«ee 
OtsotVoage (ote 9) anes an Ce ees ee 
NN REEL AA WRC BE Sa 


es Curent Nae 15 
Of Cure 


Sarre oe Ra eee oe To 
Input Noise Voltage (f = 1kHz, Rsource = 02, Note 13) 
Input Noise Current (f = 1kKHZ, Rgource = 10kQ, Note 13) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Notes 3, 13) +10 
Output Current (Notes 3, 13) oe, +10 


nv/./Hz 
pA/ JHz 


kV/V 
kV/V 


2 
: 
= 
& 
® 
Ps) 
2. 
8 
i— 
° 
5 
DD 
a 
Zz 
2 
% 
* 
2 
= 
a 
< 


oln 
=) 
a ey 
siz 
oe 
G) 
8 | 8 
%7jia 
~-~ 
>| = 
ois 
Be 
Pd 
[>] 
ge 
218 
~ 1 o@ 
a | 
— 
rae ee 3 
NM i Mh 
oni o 
of oO 
Q1O 
© 
ba | 


oO 


-79 


2-401 


OPERATIONAL 


AMPLIFIERS 


Specifications HA-2840 


Electrical Specifications Vsyppyy = +15V, R, = 1kQ, C, < 10pF, Unless Otherwise Specified. (Continued) 


HA-2840-5, -9 
PARAMETER TEMPERATURE | MIN | TYP | 


. Refer to Test Circuit section of data sheet. 
. Vsuppry = t10VDC to t20VDC. 

. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. 

. Ay =+100. 

. See “Typical Performance Curves” for more information. 

- Vo = 2Vp.p, f = 1MHz. 


. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 


tional operability under any of these conditions is not necessarily implied. 


. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below +175°C for ce- 


ramic packages and below +150°C for plastic packages. 


. Ry = 1kQ, Vo = +10V, OV to +10V for slew rate. 


~ Vow = t10V. 
Vo = 90mV. 
= +10. 
ie ; Slew Rate 
. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = ~——-——— ;(V = 10V). 
2nVoe AK PEAK 


2-402 


HA-2840 


Test Circuit 
TEST CIRCUIT 
" OUT 

9000 NOTE: 
Vs=+15V 
Ay = +10 

tec CL < 10pF 

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Input = 1V/Div. Input = 10mV/Div. 
Output = 5V/Div. Output = 100mV/Div. 
50ns/Div. 50ns/Div. 


phansinnanannang mes moles Re sminpiacnd ioe RNA enn ns ARN RAR A gna Me nA RAN AD SRAM DRM AR MANN RA AA AAD NARA ADD ARAMA NCAA RNA DS 


INPUT ccsesesceststeeiaunsceaiReRIRRRE 4 


OPERATIONAL 
AMPLIFIERS 


OUTPUT ~ seine ct oe Ee ouTpUT oe : 


SETTLING TIME TEST CIRCUIT 
V+ 


¢ Ay=-10 
¢ Load Capacitance should be less than 10pF. 


¢ It is recommended that resistors be carbon composition 


INPUT ¢ 
" OUTPUT —_and that feedback and summing network ratios be 


PROBE matched to 0.1%. 

MONITOR 
a ¢ SETTLING POINT (Summing Node) capacitance should 
= be less than 10pF. For optimum settling time results, it is 


recommended that the test circuit be constructed directly 
onto the device pins. A Tektronix 568 Sampling 
Oscilloscope with S-3A sampling heads is recommended 
as a Settle point monitor. 


SETTLING , 
POINT 


2-403 


Die Characteristics 


DIE DIMENSIONS: 
65 x 52x 19+ imils 
(1650 x 1310 x 483um) 


METALLIZATION: 
Type: Aluminum, 1% Copper 
Thickness: 16kA + 2 


GLASSIVATION: 
Type: Nitride over Silox 
Silox Thickness: ok 2kA 
Nitride thickness: 3.5kA + 1 


Metallization Mask Layout 


HA-2840 


DIE ATTACH: 
Material: Epoxy-Plastic DIP 
Gold Eutectic-Ceramic DIP 


WORST CASE CURRENT DENSITY: 
1.3 x 10° A/cm? at 3.4mA 


SUBSTRATE POTENTIAL (POWERED UP): V- 
TRANSISTOR COUNT: 34 
PROCESS: High Frequency Bipolar Dielectric Isolation 


V+ 


OUT 
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HA-2840 


Typical Performance Curves 1, = +25°C, Vsuppiy = +15V, Ry = 1k, C, < 10pF, Unless Otherwise Specified 
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FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS 
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FIGURE 3. GAIN BANDWIDTH PRODUCT vs TEMPERATURE 
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FIGURE 5. PSRR vs FREQUENCY 
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FIGURE 2. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 
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FIGURE 4. CMRR vs FREQUENCY 
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FIGURE 6. INPUT NOISE vs FREQUENCY 
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HA-2840 


Typical Performance Curves 1, = +25°C, Vsyppiy = +15V, Ry, = 1k, C, < 10pF, Unless Otherwise Specified (Continued) 
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FIGURE 7. SLEW RATE vs TEMPERATURE 
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FIGURE 8. SLEW RATE vs SUPPLY VOLTAGE 
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Typical Performance Curves 1, = +25°C, Vsuppiy = +15V, Ry, = 1k, C, < 10pF, Unless Otherwise Specified (Continued) 
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Video Operational Amplifier 
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Features Description 

e Low Supply Current............ccee0e. 10mA The HA-2841 is a wideband, unity gain stable, operational amplifier fea- 
turing a 50MHz unity gain bandwidth, and excellent DC specifications. 

* Low AC Variability Over Process and Temperature This amplifier’s performance is further enhanced through stable opera- 

e Unity Gain Bandwidth................ 50MHz _ tion down to closed loop gains of +1, the inclusion of offset null controls, 
and by its excellent video performance. 

e Gain Flatness to 10MHz............... 0.05dB The capabilities of the HA-2841 are ideally Suited for high speed pulse 

© High Slew Rate...........0seeceeees 240V/s and video amplifier circuits, where high slew rates and wide bandwidth 
are required. Gain flatness of 0.05dB, combined with differential gain 

¢ Low Offset Voltage............eeeeeeees mV sand phase specifications of 0.03%, and 0.03 degrees, respectively, 

e Fast Settling Time (0.1%) ............... 90ns_ ‘Make the HA-2841 ideal for component and composite video applica- 
tions. 

¢ Differential Gain/Phase........... 0.03%/0.03° 


Enhanced Replacement for AD841 and EL2041 


Applications 


Pulse and Video Amplifiers 
Wideband Amplifiers 

High Speed Sample-Hold Circuits 
Fast, Precise D/A Converters 
High Speed A/D Input Buffer 


A zener/nichrome based reference circuit, coupled with advanced laser 
trimming techniques, yields a supply current with a low temperature 
coefficient and low lot-to-lot variability. Tighter Icc control translates to 
more consistent AC parameters ensuring that units from each lot per- 
form the same way, and easing the task of designing systems for wide 
temperature ranges. Critical AC parameters, Slew Rate and Bandwicth, 
each vary by less than +5% over the industrial temperature range (see 
characteristic curves). 


For military grade product, refer to the HA-2841/883 data sheet. 


Ordering Information 


[PARTNUMBER | TENPERATURE RANGE | PACKAGE 


Pinouts 
HA-2841 HA-2841 
(PDIP) (PDIP, SOIC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


NOTE: (NC) No Connection pins may be tied to a ground plane for better isolation and heat dissipation. 


Copyright © Harris Corporation 1993 


File Number 2843.1 
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Specifications HA-2841 


Absolute Maximum Ratings (Note 1) 


Voltage Between V+ and V- Terminals ........... 0c eee ees 35V 
Differential Input Voltage. 2... ce ec ee cence cees 6V 
Output. Current (NOG 6) . oo. je 5 50 + om eus on os oe re we wees 50mA 

10mA (50% Duty Cycle) 
Junction Temperature (Note 11)........... cece eee eeee +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)...............-. +300°C 


Operating Conditions 
Operating Temperature Range 

GAs oor es ee 0°C < Ty < +75°C 

COAT Ons oe comes eels) cok -40°C < Ty, < +85°C 
Recommended Supply Voltage Range............. +6.5V to +15V 
Storage Temperature Range...........+++- ~65°C < Ty < +150°C 
Therma! Package Characteristics (°C/W) QJ Bic 

14 Lead Plastic DIP Package ......... 89 28 

8 Lead Plastic Dip Package........... 92 30 

8 Lead SOIC Package.........+.4--- 157 42 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Voyppiy = +15V, R, = 1kQ, C, < 10pF, Unless Otherwise Specified. 
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Specifications HA-2841 


Electrical Specifications Vsyppiy = +15V, Ry, = 1kQ, C, < 10pF, Unless Otherwise Specified. (Continued) 


HA-2841-5, -9 
PARAMETER TEMPERATURE | MIN | TYP | MAX | 


OUTPUT CHARACTERISTICS (Continued) 


a Sa a 


TRANSIENT RESPONSE (Note 8) 


Rise Time +25°C 


rt a Mates ea 
Oreo I UE EE Ba 
Sow Rai ae 12,79 ee 
Settling Time: 10V Step to 0.1% 3 +25°C as aes 
ae ee 
ma? 
eo 


POWER REQUIREMENTS 


Power Supply Rejection Ratio (Notes 9, 13) 


ad aes Pi 
eats ila 
finer ene ne 
Se 
eae RL a 
She SL ae 
coke se 


ria 
sera 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


. Differential gain and end phase are measured with a VM7O0A video tester, using a NTC-7 composite VITS. Re = R, = 1K, R, = 7009. 

- Vo =+t10V. 

. Voy = t10V. 

Avc. = 1000, Measured at unity gain crossing. 

- Vo = t10V, R, unconnected. Output duty cycle must be reduced if loyy >10mA. 

. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = 

. Refer to Test Circuit section of data sheet. 

. Vsuppry = t+10VDC to +20VDC. 

» Vo = 2Vp-p; f = 1MHz; Ay = +1. 

. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below +150°C for 
plastic packages. 

. Ay=+1. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

. See “Typical Performance Curves” for more information. 
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Test Circuit 
TEST CIRCUIT 

IN OUT NOTE: 

Vs = +1 5V 
1kQ Ay = +1 

—t Cy < 10pF 

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Input = 5V/Div. Input = 100mV/Div. 
Output = 5V/Div. Output = 100mV/Div. 


50ns/Div. 


_eUT “pur 


OPERATIONAL 
AMPLIFIERS 


» SETTLING 
POINT 


® Ay —4 -1 
e Load Capacitance should be less than 10pF. 


e Feedback and summing resistors must be matched to 
0.1%. 


e Tektronix P6201 FET probe used at settling point. 
e HP5082-2810 clipping diodes recommended. 


Suggested Offset Voltage Adjustment 


V+ 


>» OUT 
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Die Characteristics 


DIE DIMENSIONS: DIE ATTACH: 
77 x 81x 19+ 1Imils Material: Epoxy-Plastic DIP and SOIC 
(1960 x 2060 x 483m) WORST CASE CURRENT DENSITY: 
METALLIZATION: 1.2 x 10° A/cm? at 9.7MA 


Type: Aluminum, 1% Copper ae 
Thickness: 16kA +2 SUBSTRATE POTENTIAL (POWERED UP): V. 


GLASSIVATION: TRANSISTOR COUNT: 43 


Type: Nitride over Silox PROCESS: High Frequency Bipolar Dielectric Isolation 
Silox Thickness: 12 2 : 
Nitride thickness: 3.5kA + 1kA 


Metallization Mask Layout 
HA-2841 


BAL BAL 


OUT 


+IN 
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Typical Performance Curves 1, = +25°C, Vsuppw = +15V, R, = 1KQ, C, < 10pF, Unless Otherwise Specified 
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FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS FIGURE 2. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 
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2-413 


HA-2841 


Typical Performance Curves 1, = +25°C, Vsyppuy = +15V, R, = 1KQ, C, < 10pF, Unless Otherwise Specified (Continued) 
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Typical Performance Curves 1, = +25°C, Vsuppwy = +15V, Ry = 1KQ, C, < 10pF, Unless Otherwise Specified (Continued) 
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Vsuppty = +8V 
Vsuppiy = +10V 


Vsuppy = t15V 
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THIRD INTERMOD PRODUCT (dBc) 
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(TWO TONE) 


DIFFERENTIAL PHASE (DEGREES) 
GAIN FLATNESS (+dB) 
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Typical Applications (A\so see Application Note 550) 
Application 1 


High power amplifiers and buffers are in use in a wide variety 
of applications. Many times the “high power” capability is 
needed to drive large capacitive loads as well as low value 
resistive loads. In both cases the final driver stage is usually 
a power transistor of some type, but because of their inher- 
ently low gain, several stages of pre-drivers are often 
required. The HA-2841, with its 15mA output rating, is pow- 
erful enough to drive a power transistor without additional 
stages of current amplification. This capability is well demon- 
strated with the high power buffer circuit in Figure 19. 


The HA-2841 acts as the pre-driver to the output power tran- 
sistor. Together, they form a unity gain buffer with the ability 
to drive three 50Q coaxial cables in parallel, each with a 
capacitance of 2000pF. The total combined load is 16.6Q 
and 6000pF capacitance. , 


532pF 


== LOAD 16.60; 6000pF 
OR 12.50; 6000pF 


FIGURE 19. DRIVING POWER TRANSISTORS TO GAIN 
ADDITIONAL CURRENT BOOSTING 


Application 2 
Video 


One of the primary uses of the HA-2841 is in the area of 
video applications. These applications include signal con- 
struction, synchronization addition and removal, as well as 
signal modification. A wide bandwidth device such as the 
HA-2841 is well suited for use in this class of amplifier. This, 
however, is a more involved group of applications than ordi- 
nary amplifier applications since video signals contain pre- 
cise DC levels which must be retained. 


The addition of a clamping circuit restores DC levels at the 
output of an amplifier stage. The circuit shown in Figure 20 
utilizes the HA-5320 sample and hold amplifier as the DC 
clamp. Also shown is a 3.57MHz trap in series, which will 
block the color burst portion of the video signal and allow the 
DC level to be amplified and restored. 


FIGURE 20. VIDEO DC RESTORER 


Prototyping Guidelines 


For best overall performance in any application, it is recom- 
mended that high frequency layout techniques be used. This 
should include: 


1. Mounting the device through a ground plane. 


2. Connecting unused pins (NC) to the ground plane. 


3. Mounting feedback components on Teflon standoffs and/ 
or locating these components as close to the device as 
possible. 


4. Placing power supply decoupling capacitors from device 
supply pins to ground. 
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Wideband, High Slew Rate, High Output Current, 


a FARRIS 


SEMICONDUCTOR 


March 1993 Video Operational Amplifier 
Features Description 

e Stable at Gains of 2 or Greater The HA-2842 is a wideband, high slew rate, operational 
e Low AC Variability Over Process and Temperature amplifier featuring an outstanding combination of speed, 
© Crales Serials © cs Seek Ste stan dis as 80MHz bandwidth, and output drive capability. This amplifier's per- 
© Gain Flatness to 10MHz 0.035dB formance is further enhanced through stable operation down 
Cn Tt pale Sia iepey ater ae : to closed loop gains of +2, the inclusion of offset null con- 

e High Slew Rate seeeeeseeeeseseese ee eee ee eee 400V/us trols, and by its excellent video performance. 

High Output Current (Min). .........eeeeeee- 100mA 

: i ia oil (Min) » gseuio.og¢ The capabilities of the HA-2842 are ideally suited for high 
that ee fer Peep tes agit : 2 speed cable driver circuits, where low closed loop gains and 
¢ Low Supply Current (Max) ......-.-.-+-+.++: 15mMA high output drive are required. With a 6MHz full power band- 
e Enhanced Replacement for AD842 width, this amplifier is well suited for high frequency signal 
: : conditioning circuits and video amplifiers. Gain flatness of 
Applications 0.035dB, combined with differential gain and phase specifi- 


cations of 0.02%, and 0.03 degrees, respectively, make the 
¢ Pulse and Video Amplifiers g p y 


HA-2842 ideal for component and composite video applica- z es 
¢ Wideband Amplifiers Sons. z - 
+ Goedel melts Divers A zener/nichrome based reference circuit, coupled with = + 
¢ Fast Sample-Hold Circuits advanced laser trimming techniques, yields a supply current || { $ 
e High Frequency Signal Conditioning Circuits with a low temperature coefficient and low lot-to-lot variabil- || 6 < 

ity. For example, the average Icc variation from +85°C to 
Ordering Information -40°C is <G001A (+2%),while the standard deviation of the 


loc distribution is <0.1mA (0.8%) at +25°C. Tighter I¢g con- 
trol translates to more consistent AC parameters ensuring 
that units from each lot perform the same way, and easing 
the task of designing systems for wide temperature ranges. 
Critical AC parameters, Slew Rate and Bandwidth, each 
vary by less than +5% over the industrial temperature range 
(see Typical Performance Curves). 


jwowoen | “nance | excrace 
NUMBER RANGE 


The HA-2842C is the same amplifier with a compensation 
pin available to the user. By connecting a capacitor from pin 
8 to GND, the HA-2842C can be compensated for unity gain 
operation, or the bandwidth can be limited to reduce total 
noise. 


Pinouts 
HA-2842 HA-2842 HA-2842C 
(PDIP) (PDIP, SOIC) (PDIP, SOIC) 
TOP VIEW TOP VIEW TOP VIEW 


NOTE: (NC) No Connection pins may be tied to a ground plane for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2766.3 
Copyright © Harris Corporation 1993 9-417 


Specifications HA-2842 


Absolute Maximum Ratings (Note 1) 


Voltage Between V+ and V- Terminals...............0000- 35V 
Differential Input Voltage. . 2.2.0... cece cece ec cec eens 6V 
eS Ta” | nS See gee Hoel «2a 125mA 

100mA (50% Duty Cycle) 
Junction Temperature (Note 11)................ ecu eee +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


Operating Conditions 
Operating Temperature Range 

eee ag EE Sit eer eee Pare ee O°C < Ty < +75°C 

ag. a RE TCs Dee ey Err tre -40°C < Ty < +85°C 
Recommended Supply Voltage Range............. +6.5V to +15V 
Storage Temperature Range............... ~65°C < Ty < +150°C 
Thermal Package Characteristics (°C/W) Bua 8jc 

14 Lead Plastic DIP Package ......... 89 28 

8 Lead Plastic Dip Package........... 92 30 

8 Lead SOIC Package............... 157 42 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vgyppyy = +15V, R, = 1kQ, C, < 10pF, Unless Otherwise Specified. 


PARAMETER 
INPUT CHARACTERISTICS 


Offset Voltage (Note 13) 


Average Offset Voltage Drift 


Bias Current (Note 13) 


Average Bias Current Drift 


Offset Current 


Input Noise Voltage Density (f = 1KHZ, Rsource = 0Q) (Note 13) 
Input Noise Current (f = 1kKHz, Rgoyrce = 100kQ) (Note 13) 
TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) 


Common-Mode Rejection Ratio (Notes 4, 13) 
Minimum Stable Gain 

Gain Bandwidth Product (Notes 5, 13) 

Gain Flatness to 10MHz (R, 2 75Q) (Note 13) 
OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notes 3, 13) 

Output Current (Notes 6, 13) 


Output Resistance 

Full Power Bandwidth (Notes 3 and 7) 
Differential Gain (Notes 2, 13) 
Differential Phase (Notes 2, 13) 


Harmonic Distortion (Notes 10, 13) 


HA-2842-5, -9 
TEMPERATURE | MIN | 


+25°C het pVrms 
+25°C doin nv/ JHz 
ee pa/ Jz 


3 


+25°C 
Full 
Full 

+25°C 
Full 


pVvPC 


+25°C 
Full 
Full 

+25°C 

+25°C 


170 


+10 


+25°C 
Full 
Full 
+25°C 
+25°C 
+25°C 


+0.035 


Full 
Full 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
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Specifications HA-2842 


Electrical Specifications Vsyppyy = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified. (Continued) 


HA-2842-5, -9 
PARAMETER TEMPERATURE | MIN | TYP | MAX | 


TRANSIENT RESPONSE (Note 9) 


MMA. eT 
— ge a 
— ey ae a) 
ES OD 
Soumgtine:1vswpworme —S~—sSSCtSC«dTC Cm] de 


POWER REQUIREMENTS 
Supply Current (Note 13) 


+25°C 


Power Supply Rejection Ratio (Notes 9, 13) Se Se 
NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


2. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. Re = R, = 1K, Ry = 7002. 
3. Ry = 1kQ, Vo = t10V. 

4. Voy = +10V. 
5 
6 


~ Avcy = 100. 
. Vo = +5V, R,, Unconnected, Duty cycle < 50%. For information about using high output current amplifiers, please refer to Application Note 
556 (Thermal Safe-Operating-Areas For High Current Op Amps) Siew Rate 


7. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = onV 
8. Refer to Test Circuits section of this data sheet. PEAK 
9. Vsyppry = t10VDC to t20VDC. 

10. Vo = 2Vp-p; f = 1MHz; Ay = +2. 

11. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below +150°C for 


plastic packages. By using Application Note 556 on Safe Operating Area equations, along with the packaging thermal resistances listed 
in the Operating Conditions section, proper load conditions can be determined. 


12. Ay = +2. This parameter is not tested. The limits are guaranteed based on lab characterization and reflect lot-to-lot variation. 
13. See “Typical Performance Curves” for more information. 


‘Vpgak = 10V. 
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Test Circuits 
TEST CIRCUIT 


i OUT NOTE: 


500Q 


LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Input = 5V/Div. Input = 100mV/Div. 
Qutput = 5V/Div. Output = 100mV/Div. 
50ns/Div. 50ns/Div. 


iNpUT eae 


INPUT nner mae 


OUTPUT Scommummmn te oon = : canes i omenmemens OUTPUT en nnn | Bs : 2 ed : pein La sae sid 


SETTLING TIME TEST CIRCUIT 


SETTLING 
POINT 


e Ay =-2 

e Feedback and summing resistors must be matched (0.1%) 
¢ HP5082-2810 clipping diodes recommended 

¢ Tektronix P6201 FET probe used at settling point 


¢ For 0.01% settling time, heat sinking is suggested to reduce ther- 
mal effects and an analog ground plane with supply decoupling is 
suggested to minimize ground loop errors. 


SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


V+ 


9 OUT 
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Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
77 x 81x 19 + Imils Material: Epoxy-Plastic DIP and SOIC 
i stadia bata es lls WORST CASE CURRENT DENSITY: 
METALLIZATION: 1.83 x 10° A/cm? at 56mA 
Type: Aluminum, 1% Copper : 
Trickndes: 16kKA + kA SUBSTRATE POTENTIAL (POWERED UP): V- 


TRANSISTOR COUNT: 58 
PROCESS: High Frequency Bipolar Dielectric Isolation 


GLASSIVATION: 
Type: Nitride over yy 
Silox Thickness: 12kA + 2kA 
Nitride thickness: 3.5kA + 1 


Metallization Mask Layout 
HA-2842 


BAL BAL 

~ al 
— HAZS42S <2 
al 39382 O w 
ere 
| COMP ie = 
i | c oa 
-IN -eoo TRit $0 | V+ PS ah 

OUT 


+IN 
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Typical Performance Curves 1, = +25°C, Vsyppiy = +15V, Ry, = 1KQ, C, < 10pF, Unless Otherwise Specified 
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FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS 
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FIGURE 3. GAIN BANDWIDTH PRODUCT vs TEMPERATURE 
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FIGURE 5. PSRR vs FREQUENCY 
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FIGURE 2. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 
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FIGURE 6. INPUT NOISE vs FREQUENCY 
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Typical Performance Curves 1, = +25°C, Vsyppy = + 15V, Ry, = 1KQ, C, < 10pF, Unless Otherwise Specified (Continued) 
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FIGURE 7. SLEW RATE vs TEMPERATURE FIGURE 8. SLEW RATE vs SUPPLY VOLTAGE 
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POSITIVE OUTPUT SWING (V) 
NEGATIVE OUTPUT SWING (V) 
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Typical Performance Curves 1, = +25°C, Vsuppiy = +15V, R, = 1KQ, C, < 10pF, Unless Otherwise Specified (Continued) 
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FIGURE 13. MAXIMUM UNDISTORTED OUTPUT SWING 
vs FREQUENCY 


THIRD INTERMOD PRODUCT (dBc) 


Vo = 0.50Vp_p 
Vo = 0.25Vp_p 
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FIGURE 15. INTERMODULATION DISTORTION vs FREQUENCY 


(TWO TONE) 


Vsuppty = +8V a 


Vsuppiy = t10V 


DIFFERENTIAL PHASE (DEGREES) 
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FIGURE 17. DIFFERENTIAL PHASE vs LOAD RESISTANCE 
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FIGURE 14. TOTAL HARMONIC DISTORTION vs FREQUENCY 
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FIGURE 16. DIFFERENTIAL GAIN vs LOAD RESISTANCE 
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FIGURE 18. GAIN FLATNESS vs FREQUENCY (Ayc, = 2) 
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Typical Performance Curves 1, = +25°C, Vsyppiy = +15V, Ry, = 1KQ, C, < 10pF, Unless Otherwise Specified (Continued) 


70 
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FIGURE 19. GAIN BANDWIDTH PRODUCT vs LOAD RESISTANCE 


Typical Applications 


The Harris HA-2842 is a state of the art monolithic device 
which also approaches the “ALL-IN-ONE” amplifier concept. 
This device features an outstanding set of AC parameters 
augmented by excellent output drive capability providing for 
suitable application in both high speed and high output drive 
Circuits. 


Primarily intended to be used in balanced 50Q and 75Q 
coaxial cable systems as a driver, the HA-2842 could also be 
used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would also 
be suitable as a small DC motor driver. 


Prototyping Guidelines 


For best overall performance in any application, it is recom- 
mended that high frequency layout techniques be used. This 
should include: 


1. Mounting the device through a ground plane. 
2. Connecting unused pins (NC) to the ground plane. 


3. Mounting feedback components on Teflon standoffs and/ 
or locating these components as close to the device as 
possible. 


4. Placing power supply decoupling capacitors from device 
supply pins to ground. 


Power Dissipation Considerations 


At high output currents, especially with the 8 lead SOIC 
package, care must be taken to ensure that the Maximum 
Junction Temperature (Tj, see “Absolute Maximum Ratings” 
table) isn’t exceeded. As an example consider the HA-2842 
in the SOIC package, with a required output current of 50mA 
at Voyt = 10V. The power dissipation is the quiescent power 
(450mW = 30V « 15mA) plus the power dissipated in the out- 
put stage (Poyr = 250mW = 50mA e (15V - 10V)), or a total 
of 700mW. The thermal resistance (6j,) of the SOIC pack- 
age is +157°C/W, which increases the junction temperature 
by 110°C over the ambient temperature (T,). Remaining 
below Tjyax requires that Ta be restricted to < +40°C 
(+150°C - +110°C). Heatsinking would be required for oper- 
ation at ambient temperatures greater than +40°C. 


Note that the problem isn’t as severe with either of the PDIP 
packages due to their lower thermal resistances, however it 
is recommended that the above analysis be performed for 
any package if operating outside the conditions listed below: 


MAX Poyy WITHOUT HEATSINK (Vg = +15V) 
14 LEAD PDIP 8 LEAD PDIP 8 LEAD SOIC 
Ta (85 = 89°C/W) (85a = 92°C/W) (85a = 157°C/W) 
+85°C Heatsink 
Required 
‘aomw | __somw 
Fe ee ee 


Allowable output power can be increased by decreasing the 
quiescent dissipation via lower supply voltages. 


For more information please refer to Application Note 556, 
Thermal Safe Operating Areas for High Current Op Amps. 
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Low Power, High Slew Rate Wideband 
Operational Amplifier 


GD 


March 1993 
Features Description 
e Low Supply Current........ccccccnececccces 7.5mA_ The HA-2850 is a wideband, high slew rate, operational ampli- 
fier featuring superior speed and bandwidth characteristics. 
e High Slew Rate.........-.-e ee eeeeeeeeeee 340V/US Bipolar construction, coupled with dielectric isolation, delivers 
© Cae LON GAIN: sis «coke oo decd daccdase en 25kV/V _ outstanding performance in circuits with a closed loop gain of 10 
or greater. 
¢ Wide Gain-Bandwidth (Ay > 10) ............ 470MHz ; ; 
A 340V/us slew rate and a 470MHz gain bandwidth product 
e Full Power Bandwidth ...............-e2e08- 5.4MHz_ ensure high performance in video and wideband amplifier 
designs. Differential gain and phase are a low 0.04% and 0.04° 
* Low Offset Voltage. ......----2...seeeeeeees 0.6mV respectively, making the HA-2850 ideal for video applications. A 
e Input Noise Voltage ...........e.eeeees 1inV/.JHz full +10V output swing, high open loop gain, and outstanding AC 
-e parameters, make the HA-2850 an excellent choice for high 
¢ Differential Gain/Phase................ 0.04%/0.04 speed Data Acquisition Systems. 


e Lower Power Enhanced Replacement for AD840 and 
EL2040 

Applications 

e Pulse and Video Amplifiers 

e Wideband Amplifiers 

¢ High Speed Sample-Hold Circuits 

e Fast, Precise D/A Converters 


The HA-2850 is available in commercial and_ industrial 
temperature ranges, and a choice of packages. For military 
grade product, refer to the HA-2850/883 data sheet. 


Ordering Information 


in | | 
NUMBER RANGE 


Pinouts 


HA-2850 
(CDIP, PDIP) 
TOP VIEW 


HA-2850 
(CDIP, PDIP, SOIC) 
TOP VIEW 


NOTE: (NC) No Connection pins may be tied to a ground plane for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications HA-2850 


Absolute Maximum Ratings (Note 1) Operating Conditions 
Voltage Between V+ and V- Terminals...............2008- 35V Operating Temperature Range 
Differential Input Voltage. .... 22.2... eee eee ce cee eens 6V PPAR ie fice cn acney seer ene ene es 0°C < Ty s +75°C 
guncion Tempers. 2.555 0h. a. a. BETAS +175°C HA2650-0 io vcs iss cat foe DRA 2 es -40°C < Ty < +85°C 
Junction Temperature (Plastic Package) ............... +150°C Recommended Supply Voltage Range............... +6V To +15V 
Lead Temperature (Soldering 10 Sec.)..............68- +300°C Storage Temperature Range............... -65°C < Ty < +150°C 
Thermal Package Characteristics (°C/W) Oya 8c 

14 Lead Plastic DIP Package ......... 107 38 

14 Lead Ceramic DIP Package........ 71 14 

8 Lead Plastic DIP Package .......... 96 34 

8 Lead Ceramic DIP Package......... 115 36 

8 Lead SOIC Package............... 157 43 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppiy = +15V, Ry, = 1kQ, C, < 10pF, Unless Otherwise Specified. 


HA-2850-5, -9 
PARAMETER TEMPERATURE | MIN | TYP | MAX | 


INPUT CHARACTERISTICS 


Ost Vago (te 3) eee de ay oe 


m 


V 
a [wre 
cas 


Average Offset Voltage Drift 
Bias Current (Note 13) +25°C 
Full 
+25°C 
Full 
+25°C 
+25°C 

Full +10 
+25°C 
+25°C 


Offset Current 


Input Resistance 


Input Capacitance 


< 


Common Mode Range 

Input Noise Voitage (f = 1kKHz, Rsource = 0Q, Note 13) 
Input Noise Current (f = 1kKHZ, Rgource = 10kQ, Note 13) 
TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) 


awe 
i ee 


IN 
Vv 


+25°C 
Full 
Full 

+25°C 

+25°C 


k 


< 


Common-Mode Rejection Ratio (Notes 4, 13) 
Minimum Stable Gain 

Gain Bandwidth Product (Notes 5, 11, 13) 
OUTPUT CHARACTERISTICS 


ou 


> 
NX 
o 


[out votage Swng Wows. ——SSCSC~—~idCSCSC“‘aCOCSC*d tT dT 
[ous Curent (est) ————SSSCSC~—~—‘ id | | i 
i ss a 
[ra PowerBanawah (aie) ————SCS~“~‘dCSCSCSC*d ne | |e 
ES ER TO 
pivot Peso Woes?) ———SSSCSCS~srCSCt «dC ~*d Ce | Ce 
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Specifications HA-2850 


Electrical Specifications Vsyppyy = +15V, R,, = 1kQ, C, < 10pF, Unless Otherwise Specified. (Continued) 


HA-2850-5, -9 
PARAMETER TEMPERATURE 


TRANSIENT RESPONSE (Note 8) 


F 


ee eee al © 
ao nwo — ©& 


. Refer to Test Circuit section of data sheet. 
. Vsuppry = t10VDC to t20VDC. 

. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
. Ay = +100. 

. Vo = 2Vp.p, f = 1MHz 

. See “Typical Performance Curves” for more information. 


COON SF WD 


Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. 
. Ry = 1kQ, Vo = t10V, OV to +10V for slew rate. 


« Vom = +10V. 
. Vo = 90MV. 
Ay = +10. 
Slew Rate 
. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = —-——— ;(V = 10V). 
2mVpe AK PEAK 
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Test Circuit 
TEST CIRCUIT 
IN OUT 

9002 NOTE: 
Vs=+t15V 
Ay = +10 

1000 C, < 10pF 

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Input = 1V/Div. Input = 10mV/Div. 
Output = 5V/Div. Output = 100mV/Div. 
50ns/Div. 50ns/Div. 


MAAN NANT ROA ea NOL RARE ARARDRDD DRAGNET MARSA ARADA NET 


INPUT 


OPERATIONAL 
AMPLIFIERS 


OUTPUT - ss 2 oh a : S — of LA ‘ PEE 5 sie OUTPUT © | : ee “ f sO Eee <4 


SETTLING TIME TEST CIRCUIT 


° Ay=-10 
¢ Load Capacitance should be less than 10pF. 


e It is recommended that resistors be carbon composition and that 
> OUTPUT feedback and summing network ratios be matched to 0.1%. 


PROBE e¢ SETTLING POINT (Summing Node) capacitance should be less 
A elas than 10pF. For optimum settling time results, it is recommended 
that the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with S-3A sampling heads 
is recommended as a settle point monitor. 


INPUT ¢ 


SETTLING , 
POINT 
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Die Characteristics 


DIE DIMENSIONS: DIE ATTACH: 
65 x 52x 19+ imils Material: Epoxy-Plastic DIP and SOIC 
(1650 x 1310 x 483m) Gold Eutectic-Ceramic DIP 
METALLIZATION: WORST CASE CURRENT DENSITY: 
Type: Aluminum, 1% Copper 0.7 x 10° A/cm? at 1.8mA 


een eee SUBSTRATE POTENTIAL (POWERED UP): V- 
GLASSIVATION: 


Type: Nitride over Silox TRANSISTOR COUNT: 34 


Silox Thickness: 12kA + 2 PROCESS: High Frequency Bipolar Dielectric Isolation 
Nitride thickness: 3.5kA + 1 


Metallization Mask Layout 


39712 |! 


V+ 


OUT 
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Typical Performance Curves 1, = +25°C, Vsyppiy = t15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified 
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FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS 
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Typical Performance Curves 1, = +25°C, Vsyppry = +15V, Ry, = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 
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FIGURE 7. SLEW RATE vs TEMPERATURE 


Save ei Gate re fame cee eaee ae 
Ro 


AE we 
ae AL! oe BIAS CURRENT 


[7 [errservocnce [SL 


60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 
TEMPERATURE (°C) 
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FIGURE 11. POSITIVE OUTPUT SWING vs TEMPERATURE 
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FIGURE 10. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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FIGURE 12. NEGATIVE OUTPUT SWING vs TEMPERATURE 
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Typical Performance Curves 1, = +25°C, Vsyppiy = £15V, Ry, = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 
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FIGURE 15. INTERMODULATION DISTORTION vs FREQUENCY (2 TONE) 
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Ga FARRIS 


March 1993 Quad Operational Amplifier 

Features Description 

© Slow Rate ........- 2. cece eee ec eneceeces 1.6V/us }A-4741, which contains four amplifiers on a monolithic 

* BONO So. vos oe audcunset i «sk oes 3.5MHz_ Chip, provides a new measure of performance for general 
purpose operational amplifiers. Each amplifier in the HA- 

© Input Voltage Noise .......-.--.sseesreee: onVHz 4741 has operating specifications that equal or exceed those 

¢ Input Offset Voltage.......... cece eeeeeeeee 0.5mV of the 741-type amplifier in all categories of performance. 

¢ Input Bias Current..........-..0eeeeeeeeeeee 60nA 44-4741 is well suited to applications requiring accurate sig- 

© SUDIP FANGS. oi. s csiee isle desoetseed +2V to +20V__—snal processing by virtue of its low values of input offset volt- 


age (0.5mV), input bias current (60nA) and input voltage 
noise (9nV/VHz at 1kHz). 3.5MHz bandwidth, coupled with 
¢ Standard Quad Pinout high open-loop gain, allow the HA-4741 to be used in 


¢ No Crossover Distortion 


» : designs requiring amplification of wide band signals, such as 

Ap P lications audio amplifiers. Audio application is further enhanced by 
e Universal Active Filters the HA-4741’s negligible output crossover distortion. 

e D3 Communications Filters These excellent dynamic characteristics also make the HA- 

¢ Audio Amplifiers 4741 ideal for a wide range of active filter designs. Perfor- 

mance integrity of multi-channel designs is assured by a 

¢ Battery-Powered Equipment high level of amplifier -to-amplifier isolation (69dB at 10kHz). 

BESS SSR sae RRS OE ERE 6 As TIE TA: TI, SAN TERE A wide range of supply voltages (t2V to t20V) can be used 

Ordering Information to power the HA-4741, making it compatible with almost any 


system including battery-powered equipment. 


HA-4741/883 product and data sheets available upon 
request. 


ee a 
NUMBER RANGE 


Pinouts 
HA-4741 HA-4741 HA-4741 
(PDIP, CDIP) (300 mil SOIC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2922.1 
Copyright © Harris Corporation 1993 9-434 


Specifications HA-4741 


_ Absolute Maximum Ratings (Note 13) Operating Conditions 

Ta = +25°C Unless Otherwise Stated Operating Temperature Range: 

Supply Voltage Between V+ and V- Terminals............. 40.0V WAT? io es Sole vec ce 004 va oa ys €5 -55°C < Ta S$ +125°C 

Differential input VORaOG. ..-6<6-cs-ceiste ore vee weue ceees 30.0V “ae ne ie ae, Se ras Nr 0°C < Ty < +75°C 

Input Voltage (Note 1) f.. i cnc ccc ccc deccednneetl +15.0V MAGA741-O ES oo ee iv ie vi wes -40°C < Ty < +85°C 

Output Short Circuit Duration (Note 2)................ Indefinite Storage Temperature Range............... -65°C < Ty < +150°C 

Junction Temperature (Note 3)............. cece ee eees +175°C Thermal Package Characteristics (°C/W) Ba 8jc 

Junction Temperature (Plastic Package) ............... +150°C Ceramic DIP Package............... 71 13 

Lead Temperature (Soldering 10 Sec.)................. +300°C Plastic DIP: PACKAGE 21... sisicic cc dee cen 107 38 
2S OS BAe Serra s erate 96 26 
PLEO eer erererrerrrterrrs 74 33 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, V- = -15V, Unless Otherwise Specified. 


HA-4741-2 LIMITS 
PARAMETER TEMP 


INPUT CHARACTERISTICS 

Offset Voltage 

a 

| Average Ofiset Voltage Dri 

Bias Current 

cae Se 
cane 
Baa 


(NOTE 14) 
HA-4741-9 
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HA-4741-5 LIMITS 
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nVANHz 
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Large Signal Voltage Gain 
— cee ae 


Channel Separation (Note 5) 


Output Voltage Swing Full +12 13.7 
(Ry. = 10kQ) 

Voltage Swing Full +10 12.5 
(R, = 2kQ) 
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He _ 
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oOo 
= 


TRANSIENT RESPONSE (Notes 7, 10) 


Rise Time (Note 11) 
Overshoot (Note! 1) 
Slew Rate (Note 12) 
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Specifications HA-4741 


Electrical Specifications V+ = +15v, V- = -15V, Unless Otherwise Specified. (Continued) 


(NOTE 14) 
HA-4741-9 


Power Supply Rejection 
Ratio (Note 8) 


NOTES: 


14. 


. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage. 
. One amplifier may be shorted to ground indefinitely. 
. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for the ceramic pack- 


age, and below +150°C for the plastic packages. 


- Vout = £10V, Ry = 2kQ. 

. Referred to input; f = 10kKHz, Rg = 1K, Vin = 100MVpeax. 

- Vout = t10V. 

. See Pulse Response Characteristics. 

. AV = t5V. 

. Full power bandwidth guaranteed based upon slew rate measurement FPBW = S.R./2n Vpeak. 

. Ry = 2kQ, C, = 50pF. 

. Vout = t200mV. 

. Vout = t5V. 

. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func- 


tional operability under any of these conditions is not necessarily implied. : 
Typical and Minimum specifications for the -9 version are the same as those for the -5 version. 


Schematic Diagram 


lifex 


oS 
Qs 
R2 
12.6K 
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Typical Performance Curves \v+ = +15V, V- = -15V, Ts = +25°C, Unless Otherwise Specified 
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UN TT pease | NUTT CTT TTT 
Bt ON ‘ue Sit 
| Re A a aS Ul! 
Bt NB NIN 
B00 0) OO 
Bi a WO OE 


1 10 100 1K 10K 100K 1M. 10M 
FREQUENCY (Hz) 


FIGURE 1. OPEN LOOP FREQUENCY RESPONSE 
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NORMALIZED AC PARAMETERS 
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FIGURE 3. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 
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FIGURE 5. INPUT NOISE vs FREQUENCY 
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FIGURE 2. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 4. NORMALIZED AC PARAMETERS vs 
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Typical Performance Curves \+ = +15V, V- = -15V, T, = +25°C, Unless Otherwise Specified (Continued) 


OUTPUT VOLTAGE (Vp.p) 
CURRENT (nA) 


0 
100 1K 10K 100K -50 -25 0 +25 +50 +75 +100 +125 
LOAD RESISTANCE (Q) TEMPERATURE (°C) 
FIGURE 7. MAXIMUM OUTPUT VOLTAGE SWING vs LOAD FIGURE 8. INPUT BIAS AND OFFSET CURRENT vs 
RESISTANCE TEMPERATURE 


160 


POWER CONSUMPTION (mW) 


50 -25 0 +425 +50 +75 +100 +125 
TEMPERATURE (°C) 


FIGURE 9. POWER CONSUMPTION vs TEMPERATURE 
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Pulse Response 


FIGURE 10. TRANSIENT RESPONSE/SLEW RATE CIRCUIT 
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FIGURE 11. SLEW RESPONSE 
(Volts: 5V/Div., Time: 5ys/Div.) 


FIGURE 12. TRANSIENT RESPONSE 
(Volts: 40mV/Div., Time 100ns/Div.) 
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2 ne HA-5002 


Monolithic, Wideband, High Slew Rate, 


March 1993 High Output Current Buffer 

Features Description 

Oe TORIO AMIN Go's shai wctcce ce neegh bivstous whos gay 0.995 The HA-5002 is a monolithic, wideband, high slew rate, high 
output current, buffer amplifier. 

¢ High Input Impedance..................0- 3000kQ five 
Utilizing the advantages of the Harris D.I. technologies, the 

¢ Low Output Impedance...........22sseeeeceees 32 HA-5002 current buffer offers 1300V/us slew rate with 
110MHz of bandwidth. The t200mA output current capability 

e Very High Slew Rate ...........2eeeecees 1300V/us is enhanced by a 3Q output impedance. 

¢ Very Wide Bandwidth .................... 110MHZ = The monolithic HA-5002 will replace the hybrid LHO002 with 
corresponding performance increases. These characteristics 

¢ High Output Current........................ +200mA range from the $000kQ input impedance to the increased 

¢ Pulsed Output Current ..............-.-008- 400mA_ output voltage swing. Monolithic design technologies have 
allowed a more precise buffer to be developed with more 

* Monolithic Construction than an order of magnitude smaller gain error. 

P ‘ The HA-5002 will provide many present hybrid users with a 
Applications higher degree of reliability and at the same time increase 


overall circuit performance. 


For the military grade product, refer to the HA-5002/883 
¢ Data Acquisition datasheet. 


e¢ 110MHz Buffer 


e Line Driver 


Ordering Information 


[PARTNUMBER [ TEMP. RANGE | PACKAGE 
Traz-sooz2 | ss°010 126° [ePnoan 


¢ High Power Current Booster 


¢ High Power Current Source 


¢ Sample and Holds 
e Radar Cable Driver 
e Video Products 


Pinouts 
HA-5002 HA-5002 HA-5002 
(PDIP, CDIP, SOIC) (PLCC) (TO-99 CAN) 
TOP VIEW TOP VIEW TOP VIEW 

Vie 11 | | 8 | OUT 
Vo- ES > Vo+ 
ne [enc 7@ 4 Ov 

IN| 4) 15 | Vy- 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2921 1 


Copyright © Harris Corporation 1993 
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Specifications HA-5002 


Absolute Maximum Ratings (Note 1) Operating Conditions 
Voltage Between V+ and V- Terminals ......... 0.02 c cence 44V Operating Temperature Range 
input Volaees 5.5.6 eee UE ee as eee Pee cece OO V,+ to V,- PUR Be irae oss weno epee -55°C < Ty $ +125°C 
Output Current (Continuous) ..............ce eee eee ees +200mA HA-5002-5 2.0.5.0... CNSR 0°C < Ty < +75°C 
Output Current (50ms On, 1s Off)............ 0. cece eee +400mA HA-BOGR Oi 288 PETES ESET OTR ENCES -40°C < Ty < +85°C 
Internal Power Dissipation (Note 2) Storage Temperature Range............... -65°C < Ty s +150°C 
co 8&2 oes Bee Riper isan Hens ees 1.39W 
Coramc DIP.426°C) iucccccecesesie crestor ret 1.32W 
SO SR Og use ote Sa we ON a x es Soares 1.36W 
4 EEO. 2s RS Bee Paeree pamrmemeny Meer 0.80W 
PLCC. 426°C) pei ijerrrecsrperrer sede cs cree rerr 1.69W 
Maximum Junction Temperature. .............0.eeeeee +175°C 
Maximum Junction Temperature (Note 2) 
Plastic-Pdokages: cis creer ee Se eR CET eee RN +150°C 
Lead Temperature (Soldering 10 Sec.)..............08. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppyy = +12V to +15V, Rg = 50Q, R,, = 1kQ, C, = 10pF, Unless Otherwise Specified. 


PARAMETER TEMP 


pve | max min | typ | MAX | 
INPUT CHARACTERISTICS 
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Specifications HA-5002 


Electrical Specifications — Vsyppry = +12V to +15V, Re = 502, R, = 1kQ, C, = 10pF, Unless Otherwise Specified. (Continued) 


1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


2. See thermal constants data in Die Characteristics section. Maximum power dissipation, including load conditions, must be designed to main- 

tain the maximum junction temperature below +175°C for the ceramic and can packages, and below +150°C for the plastic packages. 
; VsuppLy = +15V 
- Vin = 1Vp.p 
Vsuppiy = +12V 
i Vin = 1Veus; f = 10kHz. 
3 Vout = +10V 

Slew Rate 
a, FPBW = ———*: v, = sv 
2nVp 

9. AVsuppty = 10V 

10. Viy = +10V, Ry = 400. 


NOOO & w 


Schematic Diagram 


. Vo+ 
R10 
> OUT 
Q15 
5 V2- 
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Die Characteristics 


Transistor Count is A UR APs ees 27 Thermal Constants (°C/W) Bia Bic 
DIO DIMGNSIONG ... 2. BP a ee te 80 x 81 x 19 mils HA7-5002 (Ceramic Mini DIP)...... 114 34 
(2030pum x 2050.m x 480m) —-— HA3-5002 (Plastic DIP)........... 92 30 

Subsite Potentials 5.2 2 i o.ce 0. Be RS .. v,-_ HA2-5002 (Metal Can) ........... 108 33 
PURI os oak eho Se Sa Ree eS Bipolar-DI HA4P5002 (PLCC) .........+.--. 74 33 
HA9P5002 (SOIC)............00% 157 42 


* The substrate may be left floating (Insulating Die Mount) or it may be mounted on a conductor at V- potential. 


Test Circuits 


Vout 


VIN Ry 50Q 


OPERATIONAL 
AMPLIFIERS 


Vout 


FIGURE 1. COAXIAL CABLE DRIVER - 50Q SYSTEM 


OUT 


FIGURE 2. LARGE AND SMALL SIGNAL RESPONSE 
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Test Circuits (Continued) 


SMALL SIGNAL WAVEFORMS SMALL SIGNAL WAVEFORMS 
Rg = 509, R, = 1000 Rg = 50, R, = 1kQ 


LARGE SIGNAL WAVEFORMS LARGE SIGNAL WAVEFORMS 
Re = 509, Ry = 1kQ Re = 509, Ry = 1kQ 


9 

TS 

BBG gal 

. 4 

e oores CooaN 
FSient ae 
Oo 6 == 0° o 
S TMCPAI . E 
z TT nC . 


HASE SHIFT 


180° 


3 
° 
PHASE SHIFT 


a 


1M 10M 100M 1M 10M 100M 
FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 3. GAIN/PHASE vs FREQUENCY (R,; = 1kQ) FIGURE 4. GAIN/PHASE vs FREQUENCY (R, = 50Q) 
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Typical Performance Curves (Continued) 
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FIGURE 5. VOLTAGE GAIN vs TEMPERATURE (R, = 1000) FIGURE 6. VOLTAGE GAIN vs TEMPERATURE (R, = 1kQ) 


OFFSET VOLTAGE (mV) 
BIAS CURRENT (A) 


60 -40 -20 0 20 40 60 80 100 120 40 60 80 100 120 
TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 7. OFFSET VOLTAGE vs TEMPERATURE FIGURE 8. BIAS CURRENT vs TEMPERATURE 
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FIGURE 9. MAXIMUM OUTPUT VOLTAGE vs TEMPERATURE FIGURE 10. SUPPLY CURRENT vs TEMPERATURE 
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HA-5002 


Typical Performance Curves (Continued) 


SUPPLY CURRENT (mA) 


Vout MAX, VOLTS P-P AT 100kHz 


SLEW RATE (V/s) 
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SUPPLY VOLTAGE (+V) 


FIGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE. 
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SUPPLY VOLTAGE (+V) 
FIGURE 13. Voyy MAXIMUM vs Vsuppty 
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FIGURE 15. SLEW RATE vs SUPPLY VOLTAGE 
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FIGURE 12. INPUT/OUTPUT IMPEDANCE vs FREQUENCY 
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FIGURE 14. PSRR vs FREQUENCY 
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FIGURE 16. GAIN ERROR vs INPUT VOLTAGE 
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Operating Instructions 


Layout Considerations 


The wide bandwidth of the HA-5002 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 


Probably the most crucial of the RF/video layout rules is the 
use of a ground plane. A ground plane provides isolation and 
minimizes distributed circuit capacitance and inductance 
which will degrade high frequency performance. 


Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 


Power Supply Decoupling 


For optimal device performance, it is recommended that the 
positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1,F will minimize high frequency variations in 
supply voltage, while low frequency bypassing requires 
larger valued capacitors since the impedance of the capaci- 
tor is dependent on frequency. 


it is also recommended that the bypass capacitors be connected 
close to the HA-5002 (preferably directly to the supply pins). 
Typical Applications 

Operation at Reduced Supply Levels 


The HA-5002 can operate at supply voltage levels as low as 
+5V and lower. Output swing is directly affected as well as 
slight reductions in slew rate and bandwidth. 


1.8 
1.6 


1.4 


/ 


1.2 
1.0 
0.8 
0.6 SOIC 


0.4 


MAXIMUM POWER DISSIPATION (W) 


0.2 ae QUIESCENT POWER DISSIPATION 
AT +15V SUPPLIES 


0.0 
25 45 65 85 105 125 


AMBIENT TEMPERATURE (°C) 


Short Circult Protection 


The output current can be limited by using the following circuit: 


V+ \- 


—— os 
Ce ene 


R os er hea 
LIM loutmax — 'oUTMAX 


V+ _ loutmax = 200mA (CONTINUOUS) 


> OUT 


Capacitive Loading 


The HA-5002 will drive large capacitive loads without oscilla- 
tion but peak current limits should not be exceeded. Follow- 
ing the formula | = C°/, implies that the slew rate or the 
capacitive load must be controlled to keep peak current 
below the maximum or use the current limiting approach as 
shown. The HA-5002 can become unstable with small 
capacitive loads (50pF) if certain precautions are not taken. 
Stability is enhanced by any one of the following: a source 
resistance in series with the input of 50Q to 1kQ; increasing 
capacitive load to 150pF or greater; decreasing Cigap to 
20pF or less; adding an output resistor of 10Q to 50Q; or 
adding feedback capacitance of 50pF or greater. Adding 
source resistance generally yields the best results. 


TyMAX~ "A 


SAN Sa ee 
Big t Pog F Ogg 


Where: Tmax = Maximum Junction Temperature of the Device 
T, = Ambient 

8 jc = Junction to Case Thermal Resistance 

@c¢s = Case to Heat Sink Thermal Resistance 

Qs, = Heat Sink to Ambient Thermal Resistance 
Tumax TA 


Graph is based on: Pony = e 


o 


FIGURE 17. FREE AIR POWER DISSIPATION 
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FARRIS 


SEMICONDUCTOR 


GD 


March 1993 
Features 
Pe RIND 0 55 a sw 0b prrmebeldx vcs 6 3 kaa 1200V/us 
© OUrout Current 5 ante. os dc. oc sc bccees +100mA 
a. ORR eerie rect 2% Seapeeee +9V into 1002 
. Vsuppiy oe PRI) yecteceuhaalle a sis 66 0 w denancnely. ciaeie's +5V to +18V 


¢ Thermal Overload Protection and Output Flag 
¢ Bandwidth Nearly Independent of Gain 
¢ Output Enable/Disable 


Applications 


¢ Unity Gain Video/Wideband Buffer 

¢ Video Gain Block 

¢ High Speed Peak Detector 

e Fiber Optic Transmitters 

¢ Zero Insertion Loss Transmission Line Drivers 
e Current to Voltage Converter 

e Radar Systems 


Ordering Information 


[PARTNUMBER | _TEMP.RANGE | PACKAGE 


HA-5004 


100MHz Current Feedback Amplifier 


Description 


The HA-5004 current feedback amplifier is a video/wideband 
amplifier optimized for low gain applications. The design is 
based on current-mode feedback which allows the amplifier 
to achieve higher closed loop bandwidth than voltage-mode 
feedback operational amplifiers. Since feedback is 
employed, the HA-5004 can offer better gain accuracy and 
lower distortion than open loop buffers. Unlike conventional 
op amps, the bandwidth and rise time of the HA-5004 are 
nearly independent of closed loop gain. The 100MHz band- 
width at unity gain reduces to only 65MHz at a gain of 10. 
The HA-5004 may be used in place of a conventional op 
amp with a significant improvement in speed power product. 


Several features have been designed in for added value. A 
thermal overload feature protects the part against excessive 
junction temperature by shutting down the output. If this fea- 
ture is not needed, it can be inhibited via a TTL input (TO)). 
A TTL chip enable/disable (OE) is also provided; when the 
chip is disabled its output_is high impedance. Finally, an 
open collector output flag (TOL) is provided to indicate the 
Status of the chip. The status flag goes low to indicate when 
the chip is disabled due to either the internal Thermal Over- 
load shutdown or the external disable. 


In order to maximize bandwidth and output drive capacity, 
internal current limiting is not provided. However, current lim- 
iting may be applied via the V+ and Vc- pins which provide 
power separately to the output stage. 


For Military grade product refer to the HA-5004/883 data 
sheet. 


Pinout 


HA-5004 
(PDIP, CDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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TOL OUTPUT 
(OPEN 
COLLECTOR) 


OPERATION 


a Auto Shutdown, Hi-Z OUT 


Manual Shutdown, Hi-Z OUT 


* > 180°C Typical 


File Number 2923.1 


Specifications HA-5004 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage (Between V+ and V- Terminals)............- 40V Operating Temperature Range 

PSTROPOIIUG! TLE VOOR no's ono ack cctee bp co ce oe dies ene 5V PAG eee ovo nencduliee knees -40°C < Ty, < +85°C 
OO HIE WO i is cn i sss ecgeerniinhc a niecmenniuonelh sd am +Vsuppiy PIR SO es ais Wak 3 conse cata ewe n his ed -ale os 0°C < Ta < +75°C 
Output Current ...............0: +120mA Max (<25% Duty Cycle) Storage Temperature Range............--- -65°C < Ty < +150°C 
Junction Temperature (Note 10)........... cece ee eee +175°C 

Junction Temperature (Plastic Package) .............+- +150°C 

Lead Temperature (Soldering 10 Sec.)...........2.eeee +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vcc = Vc, = +15V, Veg = Vo. = -15V, Rg = 509, Ry = 1009, Ay = +1, Rp = 2509, OE = 0.8V, TOI = 0.8V 


or 2.0V, Unless Otherwise Specified 
HA-5004-5, -9 LIMITS 


INPUT CHARACTERISTICS 
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DISTORTION AND NOISE 
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Input Noise Voltage Density (Note 3) Ho=10kHz | 425°C nVANHz 
Input Noise Current Density (Note 3) Hfo=10kHz | 425°C | p 


Logic Output (TOL) (Open Collector) Voy at 800A 
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Specifications HA-5004 


Electrical Specifications Voc = Vo, = +15V, Veg = Vo. = -15V, Re = 509, R, = 1009, Ay = +1, Re = 2500, OE = 0.8V, TO! = 0.8V 
or 2.0V, Unless Otherwise Specified (Continued) 


HA-5004-5, -9 LIMITS 


E 
s 


Small Signal +25°C 


(£100mV) 


(+10V) 


-30B Bandwidth Ay = +1 (Note 6) 


Gain Flatness |DC to SMHz cea sit a 
ee aa 
Differential Gain (Notes 6, 7, 8) 3.58MHz 425°C Rees Bet Sn Dae 
oa Eee mead 
Differential Gain (Notes 6, 7, 8) 4.43MHz Be as ee 
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Differential Phase (Notes 6, 7) 3.58MHz Avot = +1 


Differential Phase (Notes 6, 7) 4.43MHz 
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OUTPUT CHARACTERISTICS 
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Specifications HA-5004 


Electrical Specifications Voc = Vo, = +15V, Veg = Vo. = -15V, Rg = 509, Ry, = 1002, Ay = +1, Re = 2500, OE = 0.8V, TO! = 0.8V 
or 2.0V, Unless Otherwise Specified (Continued) 


HA-5004-5, -9 LIMITS 
PARAMETER 


pore | max 
TRANSIENT RESPONSE 


Vi/us 
% 


POWER SUPPLY CHARACTERISTICS 


Supply Current (Enabled) 


rie 
Ce ee 
eh 


Power Supply Rejection Ratio a 
NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be imparied. Func- 
tional operation under any of these conditions is not necessarily implied. 


2. The inverting input is a low impedance point; Bias Current and Offset Current, are not specified for this terminal. 


3. See typical performance curves. 
1 
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4. Gain Error = DC Voltage Gain x 100% 

a 
5. DC Transimpedance = Gain Error’ Re = 2500 
6. Vin = 300MVp.p 
7. Vorrset = 1.0V 
8. Differential Gain (dB) = 0.0869 Differential Gain (%) 
9. Voy = +10V 


10. Maximum power dissipation, including load condition, must be designed to maintain the junction temperature below +175°C for the 
ceramic DIP, and below +150°C for the plastic packages. See Thermal Resistances in the “Die Characteristics” section. 
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HA-5004 


Die Characteristics 


Veter Cc os ec see he ox ce s oss sew ahtabe es 64 Thermal Constants (°CW) 6 A (3) NC 


Bs ee Benes ere Seer emery Cran 93 x 63 x 19mils Garmnnteiy ee 71 14 
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SOUBWOU POU soi c ccdcc cs tle mee decce dees csQway ome Vee Poo 5 ie a se es Bk Ae ei bs ae i ieee 118 36 
PRIDE ors Ee oA oy od ow Cn pe Rese edges eae Bipolar DI 
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FIGURE 1. GAIN AND PHASE vs FREQUENCY FIGURE 2. FREQUENCY RESPONSE vs SUPPLY VOLTAGE 


PHASE (DEGREES) 
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Vout (Vp-p) 
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FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 3. FREQUENCY RESPONSE vs C, FIGURE 4. MAXIMUM UNDISTORTED SINEWAVE OUTPUT vs 
FREQUENCY 


Voc = 15V, Ay = +2, Ry = 1kQ, Input = 10mV 
Voc = t15V, Ay = +1, Sinewave Input 
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Typical Performance Curves  Veyppry = +15V, Ts = +25°C, Unless Otherwise Specified. (Continued) 
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FIGURE 7. NOISE VOLTAGE vs FREQUENCY 
Voc = +1 5V 
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FIGURE 6. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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FIGURE 8. NOISE CURRENT vs FREQUENCY 
Voc = £15V 
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HA-5004 


Switching Waveforms 


LARGE SIGNAL RESPONSE, Ay = +1 
Vertical Scale: 5V/Div. 


Horizontal Scale: 20ns/Div. 


Vin 


- Vv 
INPUT ‘ OUT 
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OUTPUT 3 


Ay =+1,V 15V FIGURE 9. TEST CIRCUIT 
= +1, Vsuppry = t 
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HA-5004 


Applications Information 
Theory of Operation 


' The HA-5004 is a high performance amplifier that uses cur- 
rent feedback to achieve its outstanding performance. 
Although it is externally configured like an ordinary op amp 
in most applications, its internal operation is significantly dif- 
ferent. 


Inside the HA-5004, there is a unity gain buffer from the non- 
inverting (+) input to the inverting-input (as suggested by the 
circuit symbol), and the inverting terminal is a low imped- 
ance point. Error currents are sensed at the inverting input 
and amplified; a small change in input current produces a 
large change in output voltage. The ratio of output voltage 
delta due to input current delta is the transimpedance of the 
device. 


Steady state current at the inverting input is very small 
because the transimpedance is large. The voltage across 
the input terminals is nearly zero due to the buffer amplifier. 
These two properties are similar to standard op amps and 
likewise simplify circuit analysis. 


Resistor Selection 


The HA-5004 is optimized for a feedback resistor of 250Q, 
regardless of gain configuration. It is important to note that 
this resistor is required even for unity gain applications; 
higher gain settings use a second resistor like regular op 
amp Circuits as shown in Figure 10 below. 


FIGURE 10. TYPICAL APPLICATION CIRCUIT, Ay = +2 


Power Supplies 


The HA-5004 will operate over a wide range of supply 
voltages with excellent performance. Supplies may be either 
single-ended or split, ranging from 6V (+3V) to 36V (+18V). 
Appropriate reduction in input and output signal excursion is 
necessary for operation at lower supply voltages. Bypass 
capacitors from each supply to ground are recommended, 
typically a 0.01yF ceramic in parallel with a 4.7pF electro- 


lytic. 
Current Limit 


No internal current limiting is provided for the HA-5004 in 
order to maximize bandwidth and slew rate. However, power 
is supplied separately to the output stage via pins 1 (Vc+) 
and 14 (Vc-) so that external current limiting resistors may 
be used. If required, 100 resistors to each supply rail are 
recommended. 


Enable/Disable and Thermal Overload Operation 


The HA-5004 operates normally with a TTL low state on pin 
7 (OE) but it may be disabled manually by a TTL high state 
at this input. When disabled, the output and inverting-input 
go to a high impedance state and the circuit is electrically 
debiased, reducing supply current by about 5mA. It is impor- 
tant to keep the differential input voltage below the absolute 
maximum rating of 5V when the device is disabled. 


If the power dissipation becomes excessive and chip 
temperature exceeds approximately 180°C, the HA-5004 will 
automatically disable itself. The thermal overload condition 
will be indicated by a low state at the TOL output on pin 10. 
(TOL is also low for manual shutdown via pin 7). Automatic 
thermal shutdown can be bypassed by a TTL high state on 
Thermal Overload Inhibit (TOI) pin 6. See the truth table for a 
summary of operation. 


Offset Adjustment 


Offset voltage may be nulled with a 5kQ potentiometer 
between pins 3 and 4, center tapped to the positive supply. 
Setting the slider towards pin 3 (+BAL) increases output 
voltage; towards pin 4 (-BAL) decreases output voltage. 
Offset can be adjusted by about +10mV with a 5K pot; this 
range is extended with a lower resistance potentiometer. 
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SEMICONDUCTOR 


HA-5020 


100MHz Current Feedback 


Go 


March 1993 Video Amplifier 
Features Description 
e Wide Unity Gain Bandwidth ............... 100MHz The HA-5020 is a wide bandwidth, high slew rate amplifier 
optimized for video applications and gains between 1 and 
e Slew Rate e®eseseeeeeeepeeeeeeeeeeeeseeeees 800V/us 10. Manufactured on Harris’ Reduced Feature Complemen- 
©: Outmist Currents. occ... 35s vcan cts dancia +30mA (Min) tary Bipolar DI process, this amplifier uses current mode 
feedback to maintain higher bandwidth at a given gain than 
* Drives 3.5V into 750 conventional voltage feedback amplifiers. Since it is a closed 
¢ Differential Gain. ..........ce eee ece eee eeee 0.025% loop device, the HA-5020 offers better gain accuracy and 
lower distortion than open loop buffers. 
¢ Differential Phase. ................2ee00. 0.025 Deg 
The HA-5020 features low differential gain and phase and 
¢ Low Input Voltage Noise................ 4.5nV/NHz will drive two double terminated 75Q coax cables to video 
¢ Low Supply Current.................-- 10mA (Max) levels with low distortion. Adding a gain flatness perfor- 
mance of 0.1dB makes this amplifier ideal for demanding 
¢ Wide Supply Range..................... +5V tot15V video applications. The bandwidth and slew rate of the i 
HA-5020 are relatively independent of closed loop gain. The zo” 
e¢ Output Enable/Disable le 
P 100MHz unity gain bandwidth only decreases to 60MHz at a S Lu 
e¢ High Performance Replacement for EL2020 gain of 10. The HA-5020 used in place of a conventional op Ke = 
amp will yield a significant improvement in the speed power ca 
Applications product. To further reduce power, the HA-5020 has a disable = a 
re) 


Unity Gain Video/Wideband Buffer 

Video Gain Block 

Video Distribution Amp/Coax Cable Driver 
Flash A/D Driver 

Waveform Generator Output Driver 

Current to Voltage Converter; D/A Output Buffer 


function which significantly reduces supply current, while 
forcing the output to a true high impedance state. This allows 
the outputs of multiple amplifiers to be wire-OR’d into multi- 
plexer configurations. The device also includes output short 
circuit protection and output offset voltage adjustment. 


The HA-5020 offers significant enhancements over compet- 
ing amplifiers, such as the EL2020. Improvements include 
unity gain bandwidth, slew rate, video performance, lower 
supply current, and superior DC specifications. 


e Radar Systems The HA-5020 is available in commercial and industrial tem- 
“i ing Syst perature ranges, and a choice of packages. See the “Order- 
MG oT eOme ing Information” section below for more information. For 
military grade product, please refer to the HA-5020/ 883 data 
sheet. 
Pinout Ordering Information 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


HA-5020 
PART TEMPERATURE 
oa wiinin | “ance | rong 


'5 | BAL (Note 2) 


Praosuoe | wow. [OE 
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File Number 2845.3 


Specifications HA-5020 


Absolute Maximum Ratings (Note 1) 


Voltage Between V+ and V- Terminals..............0e000. 36V 
DC Input Voltage CML IEG a aa s'o be wieraig Sata o bo WES 06. 618's's:0 16 e106 +Vsuppty 
SAMPOIUM WIDE, VON. ceo co Sinics Gc vis oc stirs cata ceus 10V 
OiNDUt CUO Sie esae cc ek cee eee Short Circuit Protected 
Junction Temperature (Note 19)..............ceceeeee +175°C 
Junction Temperature (Plastic Package) (Note 19) ....... +150°C 


Operating Temperature Range 


HA-SO20-B0 os 3. bs as cs sided O°C < Ty < +75°C 
HA-SOQ0B oo a oe ne ~40°C < Ty < +85°C 
Storage Temperature Range............... -65°C < Ty < +150°C 
Thermal Package Characteristics (°C/W) Bic Osa 
Oe a ee ee Se oe a aaa 34 96 
Rt Coos oa et ee aos eee eS 35 115 
RS isso oo 9nd wo Oe ce wee 43 158 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, V- = -15V, Re = 1kO, Ay = +1, R, = 4002, C; < 10pF, 


Unless Otherwise Specified 


Vio Power Supply Rejection Ratio (Notes 4, 20) 


Non-Inverting Input (+IN) Current (Note 20) 


+IN Common Mode Rejection (Note 3) 


+IN Power Supply Rejection (Note 4) 


Inverting Input (-IN) Current (Note 20) 


-IN Common Mode Rejection (Note 3) 


-IN Power Supply Rejection (Note 4) 


TRANSFER CHARACTERISTICS 
Transimpedence (Note 20) 


Open Loop DC Voltage Gain (Note 12) 
R, = 400Q, Voyr = +10V 

Open Loop DC Voltage Gain 

R, = 1009, Voyr = +2.5V 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 20) 
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m 


peacniess | 
pa nanos | 
presaiiiet | 
ee ar 
le 


-40°C to 0°C 
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Specifications HA-5020 


Electrical Specifications V+ = +15v, V- = -15V, Re = 1kQ, Ay = +1, R, = 4009, C, < 10pF, 
Unless Otherwise Specified (Continued) 


HA-5020-5, -9 


Outpt Cure a Ea 
(aratced by Ouput Votage Test i ee a 
[auiescon Supp Curent) Sd rT dT Tm 
Supply Current, Disabled (Notes 5, 20)) 7.5 
Disable Pin Input Current (Note 5) 


> 


Minimum Pin 8 Current to Disable (Note 6) 
Maximum Pin 8 Current to Enable (Note 7) 
AC CHARACTERISTICS (Ay = +1) 

Slew Rate (Note 8) 


Full 


+25°C 


< 
G 


800 


Full 700 V/us = 
Full Power Bandwidth (Note 9) +25°C 12.7 MHz Z fe 
(Guaranteed by Slew Rate Test) Ee ee 
Rise Time (Note 10) +25°C i 
Fall Time (Note 10) +25°C ro) * 


+25°C 
+25°C 
+25°C 
+25°C 


Propagation Delay (Notes 10, 20) 

-3dB Bandwidth (Notes 11, 20) 

Settling Time to 1%, 10V Output Step 

Settling Time to 0.25%, 10V Output Step 

AC CHARACTERISTICS (Ay = +10, Re = 383) 
Slew Rate (Notes 8, 12) 


+25°C V 


V 


— 


——. 


700 
+25°C 14.3 
Full 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


Full Power Bandwidth (Note 9) 
(Guaranteed by Slew Rate Test) 
Rise Time (Note 10) 

Fall Time (Note 10) 


17 


oi 


Propagation Delay (Notes 10, 20) 

-3dB Bandwidth (Note 11) 

Settling Time to 1%, 10V Output Step 
Settling Time to 0.1%, 10V Output Step 
HARRIS VALUE ADDED SPECIFICATIONS 


input Noise Voltage (f = 1kHz) (Note 20) 425°C ees bent ale Stiga? og nvWHz 
+Input Noise Current (f = 1kHz) (Note 20) +25°C Me is See eee pA/VHz 
-input Noise Current (f = 1kHz) (Note 20) +25°C Ss es pAVE 


H+ 
ail 
oS 
H+ 
_ 
fh 


Input Common Mode Range 
Full +40 


+25°C 


-lbias Adjust Range (Note 2) 
Overshoot (Note 20) 


ts] 


“PF 


‘fs 
on 
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Specifications HA-5020 


Electrical Specifications V+ = +15V, V- =-15V, Re = 1kQ, Ay = +1, Ry = 4009, C, < 10pF, 
Unless Otherwise Specified (Continued) 


PARAMETER 


[apa Curent Shor Grout Nowe ta 2 | 
[outpu Curet sabes Note 614,20 | rw 
[ouput Dab Tine Nae 1520) «Saat 
[upat erate Tine Wows 6.20 ———SS«d Ss 
OE. 
i La 


VIDEO CHARACTERISTICS 

biter Gan (aes 18,200) Sd 

bitoni Phase Note 10,20,2 ———~d?aesed 

[Gan Favessioswie «das 
Heese: 
a 


Chrominance to Luminance Gain (Note 18) 
Chrominance to Luminance Delay (Note 18) 


NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 
2. Suggested Vos Adjust Circuit: The inverting input current (-Ibias) can be adjusted with an external 10kQ pot between pins 1 and 5, wiper 
connected to V+. Since -Ibias flows through the feedback resistor (Rr), the result is an adjustment in offset voltage. The amount of offset 
voltage adjustment is determined by the value of Re (AVog = A-Ibias*Re). 


3. Voy = +10V. 

4. t4.5V < Vg < +18V. 

5. Disable = OV. 

6. Ry = 100Q, Viy = 10V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output 


is considered disabled when -10mV < Voyy < +10mV. 


7. Vin = OV. This is the maximum current that can be pulled out of the Disable pin with the HA-5020 remaining enabled. The HA-5020 is 
considered disabled when the supply current has decreased by at least 0.5mA. 


8. Vout Switches from -10V to +10V, or from +10V to -10V. Specification is from the 25% to 75% points. 


Slew Rate 
9. FPBW = Bo SAR a VPEAK = 10V. 


enV PEAK 
10. Ry = 100, Voyr = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 
11. Ry = 400Q, Voyr = 100mvV. 
12. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
13. Vin = +10V, Voyrz = OV. 
14. Voyr = +10V. 
15. Viy = +10V, Disable = +15V to OV. Measured from the 50% point of Disable to Voyr = OV. 
16. Viy = +10V, Disable = OV to +15V. Measured from the 50% point of Disable to Voyr = 10V. 
17. Viy = OV, Force Voyr from OV to +10V, ta = te = 50ns. 
18. Measured with a VM700A video tester using a NTC-7 composite VITS. 


19. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for ceramic pack- 
ages, and below +150°C for plastic packages. 


20. See “Typical Performance Curves” for more information. 
21. R, = 150Q 
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HA-5020 


Die Characteristics pe pene ispe = 
ype: Nitride over Silox 
DIE DIMENSIONS: | Silox Thickness: sh 2kA 
1640ym x 1520um x 483m +25.4um Nitride Thickness: 3.5kA + 1kA 
METALLIZATION: TRANSISTOR COUNT: 62 
Type: Aluminum, 1% Copper : ? ; ‘ ' 
Thickness: 16kA + 2kA PROCESS: High Frequency Bipolar Dielectric Isolation 
WORST CASE CURRENT DENSITY: DIE ATTACH: 
5.77 x 10* Alem? at 30mA Material: Epoxy - Plastic DIP and SOIC 


Gold Eutectic - Ceramic DIP 
SUBSTRATE POTENTIAL (POWERED UP): V- 


Metallization Mask Layout 
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HA-5020 


Typical Performance Curves Veyppry = +15V, Ay = +1, Rg = 1kQ, R, = 4002, Ty = +25°C, 


Unless Otherwise Specified 
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FIGURE 3. +INPUT BIAS CURRENT vs TEMPERATURE 
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FIGURE 5. TRANSIMPEDANCE vs TEMPERATURE 
Average of 30 Units from 3 Lots 


100 120 140 


20 40 60 
TEMPERATURE (°C) 


FIGURE 4. -INPUT BIAS CURRENT vs TEMPERATURE 
Absolute Value Average of 30 Units from 3 Lots 
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FIGURE 6. SUPPLY CURRENT vs SUPPLY VOLTAGE 
Average of 30 Units from 3 Lots 
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HA-5020 


Typical Performance Curves Vgyppy = +15V, Ay = +1, Re = 1kQ, Ry = 4009, Ty = 425°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 9. DISABLE MODE FEEDTHROUGH vs FREQUENCY 
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FIGURE 8. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE 
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FIGURE 10. DISABLED OUTPUT LEAKAGE vs TEMPERATURE 
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FIGURE 12. NON-INVERTING GAIN vs FREQUENCY 


HA-5020 


Typical Performance CurveS Vgyppyy = t15V, Ay = +1, Rr = 1k, R,, = 4009, Ta = +25°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 13. INVERTING FREQUENCY RESPONSE 
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FIGURE 15. BANDWIDTH AND GAIN PEAKING vs LOAD 
RESISTANCE 
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Vout = 9.2Vp-p 
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FIGURE 17. BANDWIDTH AND GAIN PEAKING vs FEEDBACK 
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FIGURE 14. PHASE vs FREQUENCY 
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FIGURE 16. BANDWIDTH AND GAIN PEAKING vs FEEDBACK 
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FIGURE 18. BANDWIDTH vs FEEDBACK RESISTANCE 
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HA-5020 


Typical Performance Curves Veyppyy = +15V, Ay = +1, Re = 1kQ, Ry = 400, T, = +25°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 19. REJECTION RATIOS vs TEMPERATURE FIGURE 20. REJECTION RATIOS vs FREQUENCY 
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SHORT CIRCUIT CURRENT (mA) 
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FIGURE 23. SHORT CIRCUIT CURRENT LIMIT vs FIGURE 24. SMALL SIGNAL PULSE RESPONSE 
TEMPERATURE Vertical Scale: Viy = 100mV/Div.; Voyy = 100mV/Div. 
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HA-5020 


Typical Performance Curves Vgyppiy = +15V, Ay = +1, Rg = 1kQ, Ry, = 4009, Ty = +25°C, 
Unless Otherwise Specified (Continued) 


OUT , 


FIGURE 25. LARGE SIGNAL PULSE RESPONSE 
Vertical Scale: Vj, = 5V/Div.; Voyr = 5V/Div. 
Horizontal Scale: 50ns/Div. 
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FIGURE 27. PROPAGATION DELAY vs SUPPLY VOLTAGE 
Average of 18 Units From 3 Lots 
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FIGURE 26. PROPAGATION DELAY vs TEMPERATURE 
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HA-5020 


Typical Performance Curves Veyppry = +15V, Ay = +1, Re = 1kQ, Ry, = 400, Ty = +25°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 31. DIFFERENTIAL PHASE vs SUPPLY VOLTAGE 
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SEMICONDUCTOR 


HARRIS HA5022, HA5024 


ADVANCE INFORMATION Dual, Quad 100MHz Video Current 
April 1993 Feedback Amplifier with Disable 
Features Description 
e Dual, Quad Versions of HA-5020 The HA5022 and HA5024 are dual and quad versions of the 


popular Harris HA-5020. They feature wide bandwidth and 


* Output Enable/Disable high slew rate, and are optimized for video applications and 


e Wide Unity Gain Bandwidth ............... 100MHz gains between 1 and 10. Both are current feedback amplifi- 
ers and thus yield less bandwidth degradation at high closed 

OTOL So chokes hocwkoscsdecceuceeuvacean 800V/us loop gains than voltage feedback amplifiers. 

ce eT) GRD Sane OPertr SAE SPER ME efor +30MA The Iow differential gain and phase, 0.1dB gain flatness, and 

e Differential Gain... ..... .ccccboccdeccdcce 0.025% ability to drive two back terminated 752 cables, make these 


amplifiers ideal for demanding video applications. 


e Differential Phase................... 0.025 Degrees 
9 The HA5022 and HA5024 also feature a disable function that 
¢ Supply Current (per Amplifier)............... 7.5mA _ significantly reduces supply current while forcing the output 
to a true high impedance state. This functionality allows 2:1 
© SUDPIY Rangeia tS esos ass: Ceesanedd.. SON 10218 and 4:1 video multiplexers to be implemented with a single IC. 
Sn CE PPUSE OL TUM eee xt essere tsss “60dB The current feedback design allows the user to take advan- 
eee PPE. nsw os ade be bee bea cus cues >2000V__itage of the amplifiers bandwidth dependency on the feed- 


back resistor. By reducing RF, the bandwidth can be 
* Guaranteed Specifications at t5V and +15V Supplies increased to compensate for decreases at higher closed 


loop gains or heavy output loads. 
Applications 
e Video Multiplexers; Video Switching and Routing 
¢ Video Gain Block 
e Video Distribution Amplifier/ RGB Amplifier 
¢ Flash A/D Driver 
e Current to Voltage Converter; DAC Buffer 


Ordering Information 


NUMBER RANGE DESCRIPTION 


Medical Imaging 


Radar and Imaging Systems 


Pinouts 
HA5022 HA5024 
(PDIP, CDIP, 150 MIL SOIC) (PDIP, CDIP, SOIC) 
TOP VIEW TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3392 


ight © Harris Corporation 1993 
Copyrig arris Corporation 2-468 


Gg HARRIS HA5023, HAS5025 


ADVANCE INFORMATION Dual, Quad 100MHz Video 
April 1993 Current Feedback Amplifier 
Features Description 
e Wide Unity Gain Bandwidth ............... 100MHz The HA5023 and HA5025 are wide bandwidth high slew rate 
dual and quad amplifiers optimized for video applications 
OE Ne 5 ci 5% Che cent nak kee huckeuer a 800V/us and gains between 1 and 10. They are current feedback 
© Quiput Current bic hiess wigsa dud. Aouad ises +30mA amplifiers and thus yield less bandwidth degradation at high 
closed loop gains than voltage feedback amplifiers. 
© Differential Gain........-.sceeceeceeceece 0.025% ea “ P 
The low differential gain and phase, 0.1dB gain flatness, and 
* Differential Phase. ...............+0200. 0.025 Deg. ability to drive two back terminated 75Q cables, make these 
e Supply Current (per Amplifier)............... 7.5mA amplifiers ideal for demanding video applications. 
© Bir Far a va oocc cen n cms +5V to+15V The current feedback design allows the user to take advan- 
tage of the amplifiers bandwidth dependency on the feed- 
bd Crosstalk Rejection at 10MHz exes eseseseeoeeene -60dB back resistor. By reducing Re, the bandwicth can be 
Or PYOUIIONN, oka siican ks» bcdinnan scores >2000v increased to compensate for decreases at higher closed 


loop gains or heavy output loads. 


wall 

e Guaranteed Specifications at +5V and +15V Supplies ; ao S pL 
The performance of the HA5023 and HA5025 is very similar oO wl 

to the popular Harris HA-5020. FE a 

Applications co 
© Video Gain Block Ordering Information 6 < 


e Video Distribution Amplifier/ RGB Amplifier 
e Flash A/D Driver 
e Current to Voltage Converter; DAC Buffer 


NUMBER RANGE DESCRIPTION 
rasocap | wre w.e0 [sta Pie DP 


e Medical Imaging 


e¢ Radar and Imaging Systems 
e Video Switching and Routing 


Pinouts 
HA5023 HA5025 HA5025 
(PDIP, CDIP, SOIC) (PDIP, CDIP) (300 MIL SOIC) 
TOP VIEW TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3393 
Copyright © Harris Corporation 1993 9-469 


a ees HA-5033 


March 1993 Video Buffer 

Features Description 

¢ Differential Phase Error................ 0.02 Degree The HA-5033 is a unity gain monolithic I.C. designed for any 
application requiring a fast, wideband buffer. Featuring a 

MOA GAIN, ITOK +» - ot- pans eeumensd eid 0.03% bandwidth of 250MHz and outstanding differential phase/ 

¢ High Slew Rate............c cece eeeccces 1100V/is gain characteristics, this high performance voltage follower is 
an excellent choice for video circuit design. Other features, 

* Wide Bandwidth (Small Signal) ............ 250MH2 which include a minimum slew rate of 1000V/us and high 

¢ Wide Power Bandwidth............. DC to 17.5MHz output drive capability, make the HA-5033 applicable for line 
driver and high speed data conversion circuits. 

FOOL OR TEU cab euch ce btasieeeeeresenrenees 3ns 
The high performance of this product is a result of the Harris 

¢ High Output Drive............. +10V With 1002 Load  pielectric Isolation process. A major feature of this process 

* Wide Power Supply Range.............. +5Vto+16v 's that it produces both PNP and NPN high frequency 
transistors which makes wide bandwidth designs, such as 

¢ Replace Costly Hybrids the HA-5033, practical. Alternative process methods 
typically produce a lower AC performance. 

Ap P lications For the HA-5033 in 8 Lead SOIC with reduced thermal rating 

e Video Buffer contact the factory. 

° High Frequency Buffer Ordering Information 


¢ Isolation Buffer 
¢ High Speed Line Driver 


-rantwuwoen | "nance | packace 
PART NUMBER RANGE 

fwosmse | secw.eso [rnc 
fwasmes | wowase [rePmcan 


e Impedance Matching 


e Current Boosters 
e High Speed A/D Input Buffers 
e For Further Application Ideas, See App. Note 548 


Pinouts 


HA-5033 (PDIP) HA-5033 (PLCC) HA-5033 (TO-8 CAN) 
TOP VIEW TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2924.1 
Copyright © Harris Corporation 1993 9-470 


Specifications HA-5033 


Absolute Maximum Ratings 


Voltage Between V+ and V- Pins .......... 00 cece eee ee 40V 
EV WIRE WON oS fers tec no ba aah ose nentcteee V+ to V- 
Output Current (Peak) (50ms On/1 Second Off)........... +200mA 
Internal Power Dissipation (Note 2) 

TOBIAS) osciewerdevetrrterisorerveren 2.3W 

Wi Ns a sts cov eden wee 1.3W 

ic | AIR, CARO TIA RERMEEE Rainier ees °F 1.7W 
Maximum Junction Temperature. ... 2.2.2.2... 0.0 ee eee +175°C 
Maximum Junction Temperature (Plastic Packages) ...... +150°C 
Lead Temperature (Soldering 10 Sec.)........... 00008 +300°C 


Operating Conditions 
Operating Temperature Ranges 


igen TE SAS Peer Seer -55°C < Ty S$ +125°C 
en UE: ee eer rer er 0°C < Ty < +75°C 
PEARS SS css be th epeey s deccees cen cienes -40°C < Ty < +85°C 
Storage Temperature Range............... -65°C < Ty $ +150°C 
ESD Rating (Note 11). 3. ois ease Ce va >2000V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppry = 12V, Rg = 50Q, R, = 100Q, C, = 10pF, Unless Otherwise Specified. 


Average Offset Voltage Drift 


Bias Current 


Input Resistance 
Input Capacitance 
Input Noise Voltage (Note 3) 
TRANSFER CHARACTERISTICS 
Voltage Gain 

R, = 100Q 


nn] 
£/% 
© 


-3dB Bandwidth 


Output Current 

Output Resistance 

Full Power Bandwidth (Note 5) 
Full Power Bandwidth (Note 7) 
TRANSIENT RESPONSE 
Rise Time (Note 6) 
Propagation Delay 

Overshoot 

Slew Rate (Note 7) 

Settling Time to 0.1% 
Differential Phase Error (Note 8) 
Differential Gain Error (Note 8) 


+25°C 
+25°C 
+25°C 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


PARAMETER 
INPUT CHARACTERISTICS 
Offset Voltage ee ee 


OUTPUT CHARACTERISTICS 

Output Voltage Swing 
R, = 100 Full +10 
R, = 1kQ (Note 4) Full 


Upp 


17.5 


“sale 
eres ee 
200 | s100 |_| 
Inik see 
To aes 
rpsel| we] 1 
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Specifications HA-5033 


Electrical Specifications Vsyppyy = 12V, Re = 50Q, R, = 1000, C, = 10pF, Unless Otherwise Specified. (Continued) 


| msooa | __aasoos | nesorse 
HA-5033-9 


POWER SUPPLY CHARACTERISTICS 
Supply Current 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. See thermal constants in “Die Characteristics” section. Maxi- 
mum power dissipation, including load conditions, must be designed to maintain the maximum junction temperature below +175°C for 
the can package, and below +150°C for the plastic packages. 


2. See thermal constants in “Die Characteristics” section. Maximum power dissipation, including load conditions, must be designed to main- 
tain the maximum junction temperature below +175°C for the can package, and below +150°C for the plastic packages. 


. 10Hz to 1MHz 

Vout = 1Vams: Ry = 1kQ 

> Vout = 500mV 

- tVsuppry = +15V, Voyr = t10V, Ry = 1kQ. 

. Differential gain and phase error are nonlinear signal distortions found in video systems and are defined as follows: Differential gain error 
is defined as the change in amplitude at the color subcarrier frequency as the picture signal is varied from blanking to white level. Differ- 
ential phase error is defined as the change in the phase of the color subcarrier as the picture signal is varied from blanking to white level. 
R, = 3002. 

9. Vin = 1Vams 
10. Typical and minimum specification for the -9 version are the same as those for the -5 version. 


11. Human Body Model. 


OND & Ww 


Schematic Diagram 


+V © 


-V © 
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HA-5033 


Die Characteristics 


TAGSIOIOL COU |. oes wis ons ons an eee 20 Thermal Constants (°C/W) Oya Bic 
Ee LINING 5 ono oS cake hp eR 57 x 66 x 19 mils HAS GSS (Canyon 65 34 
Substrate Potential* HA3-5033 (Plastic DIP) 96 30 
Sg Se ere High Frequency Bipolar-DI HA4-5033 (PLCC) 74 33 
Passivation. 2. 3... 00s. oa vs eo Nitride over Silox 

* Connected to “Substrate” bond pad which is dielectrically isolated 

from V+ and V-. 
Test Circuits 
+12V 


+15V 


OUT 


-15V 


FIGURE 1. SLEW RATE AND SETTLING TIME 


90% 
OUTPUT 
10% 


' 

' 

' 

: ERROR BAND 
a! SLEW +10mV FROM 

' 

' 

i] 


| RATE= | FINAL VALUE 
| WAT 


FIGURE 3. SETTLING TIME 


+10V RESPONSE 
Ta = +25°C, Rs = 50Q, Ri. = 100Q 


Vin 


ov 


Vout 


ov 


OUT 


-12V 


FIGURE 2. TRANSIENT RESPONSE 


NOTE: Measured on both positive and negative transitions. 


FIGURE 4. RISE TIME 


+10V RESPONSE 
Ta me +25°C, Rs a 50Q, Ry, = 1kQ 
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HA-5033 


Test Circuits (Continued) 


+0.5V PULSE RESPONSE 
Ty = +25°C, Rg = 509, R, = 1002 


Typical Performance Curves 


A: V+ = +15V, V- = -15V 
B: V+ = +12V, V- = -12V 
C: V+ = +10V, V- = -10V 


A: V+ = +15V, V- =-15V 
8 | B: V+ =+12V, Ve =-12V 


7 | C: V+ =+10V, V-=-10V < ? 
= D: V+ = +5V, V- = -5V = D: V+ = +5V, V-=-5 
uw ° z 
c 
d : 
g : 
4 
ti z 
- 38 5 
. 2 = 
1 
0 
-80 -40 0 +40 +80 +120 +160 55 -25 +25 +75 +125 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 5. INPUT OFFSET VOLTAGE vs TEMPERATURE vs FIGURE 6. INPUT BIAS CURRENT vs TEMPERATURE vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 
00 
= tV = t15V, Vin = +10V 
< FALL (Ry = 1kQ) 
pa @ 2000 
ra = FALL (R,, = 1000) 
cx Ww 
= < 
3 = 
> 2 
o J 4000 
& A: V+ =+15V, V- =-15V o wide Hc di 
° B: V+ =412V, V- =-12V (Ry = 1kQ) 
C: V+ =+10V, V- =-10V RISE (Ry, = 1000) 
D: V+ =+5V, V-=-5V 
-55 -25 +25 +75 +125 -55 -25 +25 +75 +125 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 7. SUPPLY CURRENT vs TEMPERATURE vs SUPPLY FIGURE 8. SLEW RATE vs TEMPERATURE 


VOLTAGE 
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HA-5033 


Typical Performance Curves (Continued) 


+V = t15V, Ry = 1kQ 
Ta = +25°C, Vin = +10V 
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FIGURE 9. SLEW RATE vs LOAD CAPACITANCE (R, = 1kQ) 


100 


+V = +15V, Ty = 425°C 


> 
E 
cS 
i 
> 
a 
F 
- 
> 
a. 
= 
° 
10 8 6 <4 2 OF +2 +4 +6 +8 +10 
INPUT VOLTAGE (V) 
FIGURE 11. GAIN ERROR vs INPUT VOLTAGE 
> 
E 
$ 
- 
>) 
a. 
< 
= 
> 
= 
a) 
1°) 


+125 


+25 
TEMPERATURE (°C) 


FIGURE 13. GAIN ERROR vs TEMPERATURE 


+V = t15V, Ry = 1002 
Ta = +25°C, Vin = t10V 


SLEW RATE (Vius 


CAPACITANCE (pF) 
FIGURE 10. SLEW RATE vs LOAD CAPACITANCE (R, = 1002) 
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FIGURE 12. GAIN ERROR vs INPUT VOLTAGE 
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FIGURE 14. Vin - Vout vs lout 
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Typical Performance Curves (Continued) 
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TOTAL HARMONIC DISTORTION (%) 
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FIGURE 17. POWER SUPPLY REJECTION RATIO vs FREQUENCY FIGURE 18. GAIN ERROR vs INPUT VOLTAGE 


A: V+ = +15V, V- =-15V 
B: V+ = +412V, V-=-12V 
C: V+ = +10V, V- =-10V 
D: V+ = +5V, V- = -5V 


PEAK TO PEAK OUTPUT VOLTAGE (V) 


TOTAL HARMONIC DISTORTION (%) 
° 
= 


0 1 2 3 0 100 200 300 400 500 600 700 800 900 1K 
INPUT VOLTAGE (RMS) LOAD RESISTANCE (Q) 
FIGURE 19. TOTAL HARMONIC DISTORTION vs RMS INPUT FIGURE 20. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
VOLTAGE vs SUPPLY VOLTAGE 
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HA-5033 


Typical Performance Curves (Continued) 
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FIGURE 21. OUTPUT SWING vs FREQUENCY* 
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FIGURE 23. OUTPUT SWING vs FREQUENCY * 
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FIGURE 25. HA-5033, TO-8, AAVID 5792 Os, = 25°C/W 
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FIGURE 22. MAXIMUM POWER DISSIPATION vs AMBIENT 


TEMPERATURE 


Ty = +175°C, log = 30MA Epes 
Voc = +15, Oya = 65°C/W Bee 


MAX lout (A) 


Vout (V) 
FIGURE 24. HA-5033 SOA, TO-8, NO SINK 


This curve was obtained by noting the output voltage necessary to 
produce an observable distortion for a given frequency. If higher 
distortion is acceptable, then a higher output voltage for a given 
frequency can be obtained. 


However, operating the HA-5033 with increased distortion (to the 
right of curve shown), will also be accompanied by an increase in 
supply current. The resulting increase in chip temperature must be 
considered and heat sinking will be necessary to prevent thermal 
runaway. 

This characteristic is the result of the output transistor operation. If 
the signal amplitude or signal frequency or both are increased 
beyond the curve shown, the NPN, PNP output transistors will 
approach a condition of being simultaneously on. Under this 
condition, thermal runaway can occur. 
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HA-5033 


Operating Instructions 
Layout Considerations 


The wide bandwidth of the HA-5033 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 


Probably the most crucial of the RF/video layout rules is the 
use of a ground plane. A ground plane provides isolation and 
minimizes distributed circuit capacitance and inductance 
which will degrade high frequency performance. This ground 
plane shielding can also incorporate the metal case of the 
HA-5033 since pin #2 is internally tied to the package. This 
feature allows the user to make metal to metal contact 
between the ground plane and the package, which extends 
shielding, provides additional heat sinking and eliminates the 
use of a socket, IC sockets contribute inter-lead capacitance 
which limits device bandwidth and should be avoided. 


For the plastic Mini-DIP, pin 6 can be tied to either supply, 
grounded, or simply not used. But to optimize device perfor- 
mance and improve isolation, it is recommended that this pin 
be grounded. 


Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 


Power Supply Decoupling 


For optimum device performance, it is recommended that 
the positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1,F will minimize high frequency variations in 
supply voltage. Solid tantalum capacitors 1pF or larger will 
optimize low frequency performance. 


It is also recommended that the bypass capacitors be 
connected close to the HA-5033 (preferably directly to the 


supply pins). 


2.4 

2.2 
S 1.8 
< 16 
a PLCC 
B 1.4 
5 
c 1.2 
w PDIP 
5 1.0 
a. 
= 08 
aE)" hel ai icuatepsncsbeopegcebuccsbacks tbat tlanssdeaartinsamsbabdsconlanueccies 
= os \ 
3 : QUIESCENT Py = 0.72W 

0.4 AT VCC +12V, Iog = 30mA 

0.2 

0 
25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 
Tymax — Ta 

Graph is based on: Poway = gees aed aE 


JA 


Where: Tjyax = Maximum Junction Temperature of the Device 
T, = Ambient Temperature 
6), = Junction to Ambient Therma! Resistance 


FIGURE 26. FREE AIR POWER DISSIPATION 
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Typical Applications (Also see Application Note 548) 


+12V 


Vin 


<> “12V 


FIGURE 27. VIDEO COAXIAL LINE DRIVER 50Q SYSTEM 
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HA-5033 


Typical Applications (Also see Application Note 548) 


POSITIVE PULSE RESPONSE NEGATIVE PULSE RESPONSE 
Ta = +25°C, Reg = 509, Ry = R, = 502 Ta = +25°C, Reg = 50Q, Ry = R, = 50Q 
Va-= te {= [2]v VS Pecr += [4] v 
Oc In ™~ Los ‘IN > Tiiaoamgeet | ~ t94 "IN 
R, + Ray 2 R, + Ry 


Vin 


Vv 
Vout OUT 
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FIGURE 28. VIDEO GAIN BLOCK 
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FARRIS 


SEMICONDUCTOR 


HA-5101, HA-5117 


Low Noise, High Performance 
Operational Amplifiers 


April 1993 
Features Description 

© LOWNOMO Hee ee 3.0nV/VHz at 1kKHz The HA-5101/5111 are dielectrically isolated operational 
° Wide Bandwidth............. 10MHz (Compensated) amplifiers featuring low noise and high performance. Both 
amplifiers have an excellent noise voltage density of 
100MHz (Uncompensated) 3 onv/VHz at 1kHz. The uncompensated HA-5111 is stable 
e High Slew Rate.............. 10V/us (Compensated) ata minimum gain of 10 and has the same DC specifications 
50V/us (Uncompensated) as the unity gain stable HA-5101. The difference in compen- 
sation yields a 100MHz gain-bandwidth product and a 
© Le NM NIOOR UIE ens 4G esp aed ca es 3H ie 50V/us slew rate for the HA-5111 versus a 10MHz unity gain 

© PIB IR i soci ce boes owls oe EEN Abe ss 1x 10°V/V bandwidth and a 10V/us slew rate for the HA-5101. 
* High CMRAIPSAR «20-2. secseeesieesceeers 10906 DC characteristics of the HA-5101/5111 assure accurate 
¢ High Output Drive Capability ................ 30mA performance. The 0.5mV offset voltage is externally adjust- 
able and offset voltage drift is just 3uV/°C. An offset current 
Applications of only 30nA reduces input current errors and an open loop 


¢ High Quality Audio Preamplifiers 

¢ High Q Active Filters 

e Low Noise Function Generators 

¢ Low Distortion Oscillators 

¢ Low Noise Comparators 

e For Further Design Ideas, See Application Note 554 


voltage gain of 1 x 10°V/V increases loop gain for low distor- 
tion amplification. 


The HA-5101/5111 are ideal for audio applications, especi- 
ially low-level signal amplifiers such as microphone, tape 
head and phono cartridge preamplifiers. Additionally, it is 
well suited for low distortion oscillators, low noise function 
generators and high Q filters. 


Pinouts (See Ordering Information on Next Page) 


HA-5101, HA-5111 HA-5101, HA-5111 HA-5101 
(PDIP, CDIP, SOIC) (TO-99 METAL CAN) (PLCC) 
TOP VIEW TOP VIEW TOP VIEW 
BAL | 1 3 | 
. > P 
un | 3 | 6 | our 
ve [4 's | BAL 


V- (CASE) 


*HA-5101 No Connect 
HA-5111 Compensation 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


File Number 2905.1 
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HA-5101, HA-5111 


j_ntwoen | “Mnanoe™ | pace 
NUMBER RANGE 

mest | srcwsase [emmon 
fwesis | ecw |ermon 


Ordering Information 


nites | “nance | pucxace 
NUMBER RANGE 

esis | secwsaee [ePmom 
esis | ocwwee [epmcm 


-IN +IN 


BAL BAL 
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OPERATIONAL 


AMPLIFIERS 


Specifications HA-5101, HA-5111 


Absolute Maximum Ratings (Note 1) Operating Conditions 

T, = +25°C Unless Otherwise Specified Operating Temperature Range 

Voltage Between V+ and V- Terminals. .............0005: 40.0V PAB TOUS 12 ict te tes cree eeeb -55°C to +125°C 
Differential Input Voltage... 0.2... keke cee eee ce eee eee 7V MAST UNOITED osc us Unc vetted be ccc th sy 0°C to +75°C 
ONO CE TY LO) cog hos ccpip-cccc cc ccnccescsbecuecces +Vsuppiy PU csc tes ane ib vances SE -40°C to +85°C 
Chi GUNGHE 55 sos hee eve se a Full Short Circuit Protection Storage Temperature Range.................- -65°C to +150°C 
Junction Temperature (Note 8)...............e cece eee +175°C 

Junction Temperature (Plastic Packages)............... +150°C 

Lead Temperature (Soldering 10 Sec.)...............-. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15vV, V- = -15V, Rg = 100Q, R; = 2kQ, C, = 50pF, Unless Otherwise Specified. 


HA-5101-2, -5 
HA-5111-2, -5 
PARAMETER TEMP 


INPUT CHARACTERISTICS 


ofa Votag ce ee eee ee ce 


oy 


en 
ae 
[425°C 
Bae 
Offset Current 
eo RA os 
| #25°C | 
Ful 


3 

v 
aye 
>> 

Vier o 
at aft 
© o 


3 


3 


pVPC 


Input Resistance +25°C 


oi 


TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 2) +25°C kV/V 
kV/V 

Small Signal Bandwidth +25°C 

HA-5101 (Ay = 1) 


Minimum Stable Gain 
HA-5101 


S 


Gain Bandwidth Product +25°C 
HA-5111 (Ay = 10) 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 
R, = 10kQ 


2 


— 


+1 + eS 


+13 


Full +12 

(Vpg = +18, Ri, = 600) +25°C +15 

Full Power Bandwidth (Note 5) 
HA-5101 


io) 


1 
1 


ie) 


+1 


H+ 


He 
et 
Le) 


io) 
H- 


+25°C 
+25°C 
+25°C 
+25°C 


=" 
w 


790 790 


Output Resistance 


Maximum Load Capacitance 800 800 
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Specifications HA-5101, HA-5111 


Electrical Specifications V+ = +15v, V- =-15V, Rg = 100, R,, = 2kQ, C, = 50pF, Unless Otherwise Specified. (Continued) 


HA-5101-2, -5 
HA-5111-2, -5 


TRANSIENT RESPONSE (Note 6) 


Overshoot 


Slew Rate 


Settling Time (Note 7) 


HA-5111 


HA-5101 
HA-5111 


ae] 


HA-5101 
HA-5111 


& 


HA-5101 0.01% 
HA-5111 0.01% 


</s 


NOISE CHARACTERISTICS (Note 10) 


Input Noise Voltage 


Input Noise Current 


Broadband Noise Voltage f = DC to 30kHz} +25°C 
POWER SUPPLY CHARACTERISTICS 


Supply Current HA-5101/5111 
Power Supply Rejection Ratio (Note 9) 


f = 10Hz +25°C 
+25°C 


f = 10Hz +25°C 


NOTES: 


. Full power bandwidth is guaranteed by equation: Full power bandwidth = 
. Refer to Test Circuits section of the data sheet. Peak 
. Settling time is measured to 0.01% of final value for a 10V output step, and Ay = -10 for HA-5111 and 0.01% of final value for a 10V output 


. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 


tional operability under any of these conditions is not necessarily implied. 


- Vout = £10V, R, = 2K. 
- Vom =+10V. 


Output current is measured with V = +15V with V = +18V. 
pu OUT SUPPLY Siow Rete 


aaa, |. Raskac 


step, Ay = -1 for HA-5101. 


. See Thermal Constants in “Die Characteristics" text. Maximum power dissipation, including output load, must be designed to maintain 


the maximum junction temperature below +175°C for hermetic packages, and below +150°C for the plastic packages. 


. Delta VsuppLy = +5V. 
10. 


The limits for these parameters are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
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OPERATIONAL 


AMPLIFIERS 


HA-5101, HA-5111 


Die Characteristics 


TransistonCounmt 2. srs. a ae eee 54 Thermal Constants (°C/W) Bsn We 
DIO-DIMGESIONS ©... ccs ccc te ce sacs ad 69 x 69 x 19 mils HA2-5101/5111 (Can)............ 114 35 
(1800 x 1800 x 480m) HA3-5101/5111 (PDIP)........... 94 32 
Se On ee ee ee ee V- or Float HA4P5101 (PLCC) .............. 74 33 
eS RE ES SAE EEE EER Er Bipolar DI HA7-5101/5111(CDIP)........655 115 35 
* The Substrate may be left floating (Insulating Die Mount) or it may HA9P5101/5111 (SOIC) .......... 157 43 


be mounted on a conductor at V- potential. 


Test Circuits 


2kQ 


IN OUT 


50pF 
sess t 2kQ i 50pF 


FIGURE 2. HA-5101 SMALL SIGNAL RESPONSE CIRCUIT 


Ch. 1 = 2.5V/Div. Ch. 1 = 100mV/Div. 
Timebase = 200ns/Div. Timebase = 100ns/Div. 
FIGURE 3. HA-5111 LARGE SIGNAL TRANSIENT RESPONSE FIGURE 4. HA-5111 SMALL SIGNAL TRANSIENT RESPONSE 


Ch. 1 = 2.5V/Div. Ch. 1 = 50mV/Div. 
Timebase = 1.00us/Div. Timebase = 100ns/Div. 
FIGURE 5. HA-5101 LARGE SIGNAL TRANSIENT RESPONSE FIGURE 6. HA-5101 SMALL SIGNAL TRANSIENT RESPONSE 


HA-5101, HA-5111 


Test Circuits (Continued) 


OUT 


1.8kQ 
SOpF 


20020 


FIGURE 7. HA-5111 LARGE AND SMALL SIGNAL RESPONSE 
CIRCUIT 


TO 
OSCILLOSCOPE 


2kQ 


Vout 


ii S0pF 


FIGURE 8. SETTLING TIME CIRCUIT 
© Ay =-1 (HA-5101), *Ay = -10 (HA-5111) 
¢ Feedback and summing resistors should be 0.1% 


matched. 
¢ Clipping diodes are optional, HP5082-2810 recom- 
mended. a 
St 
Typical Performance Curves Ow 
1500 x a 
Wu = 
Q. 
z 2 o< 
é - 1000 
wi pe) 
g a 
5 5 
fe) S 
- wee 
wi 7) 
2 uw 
S) 2 500 
5 ° 
a. 
= 
0 
50 -25 0 25 50 75 100 125 


FREQUENCY (Hz) 
FIGURE 9. HA-5101/11 NOISE SPECTRUM 


PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz 
Ay = 25000 Voc = +15V (2.25uVp-p RTO) 
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TEMPERATURE (°C) 
FIGURE 10. OFFSET VOLTAGE vs TEMPERATURE 


: e 


p RTO) 


PEAK-TO-PEAK TOTAL NOISE 0.1Hz TO 1MHz 
Ay = 25000, Voc = +15V (12.89mVp- 


HA-5101, HA-51117 


Typical Performance Curves (continued) 


INPUT OFFSET CURRENT (nA) 


TEMPERATURE (°C) 
FIGURE 11. INPUT OFFSET CURRENT vs TEMPERATURE 
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FIGURE 13. SLEW RATE/RISE TIME vs TEMPERATURE 
30 
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: Seep 
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FIGURE 15. INPUT OFFSET WARMUP DRIFT vs TIME (Normalizd 
To Zero Final Value) (Six Representative Units) 
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BIAS CURRENT (nA) 


TEMPERATURE (°C) 
FIGURE 12. INPUT BIAS CURRENT vs TEMPERATURE 


a rete UT TTT 
rool Tee toa CHT UT TT 
SUT ST TT 
alli SASH 
OLA i 
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10 100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


FIGURE 14. OPEN-LOOP GAIN/PHASE vs FREQUENCY 


ai 
PHASE SHIFT (DEGREES) 


7a 


SUPPLY CURRENT (mA) 


SUPPLY VOLTAGE (+V) 
FIGURE 16. SUPPLY CURRENT vs SUPPLY VOLTAGE 


HA-5101, HA-5111 


Typical Performance Curves (continued) 


OPEN LOOP VOLTAGE GAIN 


(80) 5 10 15 18 
SUPPLY VOLTAGE (+V) 


FIGURE 17. DC OPEN-LOOP VOLTAGE GAIN vs SUPPLY VOLTAGE 
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FIGURE 19. HA-5111 CLOSED-LOOP GAIN AND PHASE AT 
HIGH AND LOW TEMPERATURE (Typical Response 
of One Amplifier) 
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FIGURE 21. HA-5101 CLOSED-LOOP GAIN AND PHASE AT 
HIGH AND LOW TEMPERATURE (Typical Response 
Of One Amplifier) 


o 


12 


CLOSED LOOP VOLTAGE GAIN (dB) 
© 
°o 
PHASE SHIFT (DEGREES) 


OUTPUT CURRENT (mA) 
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FIGURE 18. SHORT CIRCUIT CURRENT vs TIME 
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FIGURE 20. HA-5111 CLOSED-LOOP VOLTAGE GAIN vs 
FREQUENCY AT DIFFERENT CLOSED-LOOP GAINS 
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AMPLIFIERS 


CLOSED LOOP VOLTAGE GAIN (dB) 


REJECTION RATIO (dB) 


10K 100K 1M 1 OM 
FREQUENCY (Hz) 


FIGURE 22. HA-5111 REJECTION RATIOS vs FREQUENCY 


-140 
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HA-5101, HA-5111 


Typical Performance Curves (Continued) 


ML EU 
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GAIN (dB) 


Ta = +25°C, Voc = t15V 
Ri = 2K, CL Bd 50pF 


10K 


FREQUENCY (Hz) 


FIGURE 23. HA-5101 CLOSED-LOOP VOLTAGE GAIN vs 


FREQUENCY AT DIFFERENT CLOSED-LOOP GAINS 


Rioap (2) 


FIGURE 27. HA-5101 Voyy vs Ry 
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FIGURE 24. HA-5101 REJECTION RATIOS vs FREQUENCY 
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VsuppLy = t1i5V 


Rioap (2) 
FIGURE 28. HA-5101 Voyz vs Ri 
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Applications Information 
Operation At +5V Supply 


The HA-5101/11 performs well at Voc = +5V exhibiting typi- 
cal characteristics as listed below: 


oe er Be sie San 5) Sa SD 3.7 mA 
Vio Sime Tae Lon ohms mriee task! pre Tee inal ars eg tchene 0.5 mV 
Ipias a ee Ce ere a eee ee ee 56 nA 
ERE LE 3 5 a ee Tre 106 kV/V 
Moc Se amc nv sons bleak 3.7 V 
NNN gadis et hg geld aie 30 panes tk 13 mA 
CMAR (AVoy = +2.5V).......0.000ee 90 dB 
PSRAR (AVoco = 0.5V) 2... cca wees 90 dB 
Unity Bandwidth (5101) ............. 10 MHz 
GBWBT) fee ea i A 100 MHz 
Slew Rate (5101) . Bo ace eee te 7 V/us 
Slew Rate (5111) ........ cc cece eee 40 V/us 
Offset Adjustment 


* The following is the recommended Vio adjust configuration: 


0 +15V 


Rp = 100K 
-15V 


* Proper decoupling is always recommended, 0.1,F high quality 
capacitor should be at or very near the device’s supply pins. 


Compensation 


An external compensation capacitor can be used with the 
HA-5111 connected between pin 8 and ground (or V-, V+ not 
Recommended). A plot of gain bandwidth product vs com- 
pensation capacitor has been included as a design aid. The 
capacitor should be a high frequency type mounted near the 
device leads to minimize parasitics. 


100 —— Oe iat on 90 5 Renee oe om ot woe 


200 


GAIN BANDWIDTH PRODUCTS (MHz) 


ie i 
Ft comico 


100 
Colmnasaridh CAE NT AIC (nF) 


input Protection 


The HA-5101/11 has built-in back-to-back protection diodes 
which will limit the differential input voltage to approximately 
7V. If the 5101/11 will be used in conditions where that volt- 
age may be exceeded, then current limiting resistors must 
be used. No more than 25mA should be allowed to flow in 
the HA-5101/11’s input. 


Comparator Circuit 


AVin Rum 


(AVinmax — 7Y) 


Choose Ri jy Such That: S$ 2R 
SO Fim SU o5mA LIM 
Output Saturation an 
When an op amp is overdriven, output devices can saturate 5 ta 
and sometimes take a long time to recover. Saturation can FE u. 
be avoided (sometimes) by using circuits such as: o a 
v aS 
O V+ 

(@) < 


If saturation cannot be avoided the HA-5101/11 recovers 
from a 25% overdrive in about 6.5s (see photos). 


Top: Input 
Bottom: Output, SION, 28/DW 


OUT 


avERD : HTT) e : 


Output is overdriven negative and recovers in 6ys. 
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sinieieiiea HA-5102, HA-5104 
seuiconeveroy HA-5112, HA-5114 


Low Noise, High Performance 


April 1993 Operational Amplifiers 
Features Description 
PL IOIOG oon toe 4-00 noe ca geese 4.3nVNHz_ Low noise and high performance are key words describing HA-5102/04/ 


12/14. These general purpose amplifiers offer an array of dynamic 

¢ Wide Bandwidth. ... SMHz (Compensated) specifications ranging from a 3V/us slew rate and 8MHz bandwidth 
GOMHz (Uncompensated) (5102/04) to 20V/us slew rate and 60MHz gain-bandwidth-product 

¢ High Slew Rate..... 3V/us (Compensated) (HA-5112/14). Complementing these outstanding parameters is a very 
20V/us (Uncompensated) low noise specification of 4.3nV/VHz at 1kHz. 


¢ Low Offset Voltage............... 0.5mv_ Fabricated using the Harris high frequency DI process, these operational 
amplifiers also offer excellent input specifications such as a 0.5mV offset 
* Available in Duals or Quads voltage and 30nA offset current. Complementing these specifications are 
108dB open loop gain and 60dB channel separation. Consuming a very 
Applications modest amount of power (90mW/ package for duals and 150mW/pack- 


age for quads), HA-5102/04/12/14 also provide 15mA of output current. 
This impressive combination of features make this series of amplifiers 


¢ High Q, Active Filters 


e Audio Amplifiers ideally suited for designs ranging from audio amplifiers and active filters 

¢ Instrumentation Amplifiers to the most demanding signal conditioning and instrumentation circuits. 

° Inte These operational amplifiers are available in dual or quad form with 
grators : en ore 

industry standard pinouts allowing for immediate inter-changeability with 
¢ Signal Generators most other dual and quad operational amplifiers. 
e For Further Design Ideas, HA-5102 Dual, Comp. HA-5104 Quad, Comp. 
See Application Note 554 HA-5112 Dual, Uncomp. HA-5114 Quad, Uncomp. 


Refer to the /883 data sheet for military product. 


Pinouts (See Ordering Information on Next Page) 


HA-5102/5112 HA-5102/5112 HA-5102/5112 HA-5102 
(PDIP, CDIP) (TO-99 METAL CAN) (300 MIL SOIC) (PLCC) 
TOP VIEW TOP VIEW TOP VIEW TOP VIEW 


HA-5104/5114 (PDIP, CDIP) HA-5104/5114 (300 MIL SOIC) HA-5104/5114 (PLCC) 
TOP VIEW TOP VIEW TOP VIEW 
wT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2925 1 
Copyright © Harris Corporation 1993 2-490 


HA-5102, HA-5104, HA-5112, HA-5114 


== 
NUMBER RANGE 

fmaaraa [Senses [armen 
iasavee | owes [armen 
HA3-5112-5 8 Lead Plastic DIP 
HA7-5112-2 8 Lead Ceramic DIP 
HA7-5112-5 8 Lead Ceramic DIP 
HAQP5112-5 16 Lead Widebody SOIC 
HAQP5112-9 16 Lead Widebody SOIC 
HA1-5114-2 14 Lead Ceramic DIP 
HA1-5114-5 14 Lead Ceramic DIP 
HA3-5114-5 14 Lead Plastic DIP 
HA4P5114-5 20 Lead PLCC 

16 Lead Widebody SOIC 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE PACKAGE 
| HA2-5102-2 | -55°C to +125°C_ | 8 Pin Can 


0°C to +75°C 8 Lead Plastic DIP 


OPERATIONAL 


HA4P5102-5 0°C to +75°C 20 Lead PLCC 


HA7-5102-2 -55°C to +125°C | 8 Lead Ceramic DIP 


HA7-5102-5 0°C to +75°C 8 Lead Ceramic DIP 


HA9P5102-5 0°C to +75°C 16 Lead Widebody SOIC 


HA9P5102-9 -40°C to+85°C + | 16 Lead Widebody SOIC 


HA1-5104-2 -55°C to+125°C + | 14 Lead Ceramic DIP 


0°C to +75°C 14 Lead Ceramic DIP 


0°C to +75°C 14 Lead Plastic DIP 


HA4P5104-5 0°C to +75°C 20 Lead PLCC 
HA9P5104-5 0°C to +75°C 16 Lead Widebody SOIC 
HA9P5104-9 -40°C to+85°C | 16 Lead Widebody SOIC 


Simplified Schematic 
aoe os ee 


+V 


9 OUTPUT 


aeeez 


+INPUT -ANPUT 


-yc 
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AMPLIFIERS 


Specifications HA-5102, HA-5104, HA-5112, HA-5114 


Absolute Maximum Ratings (Note 1) 
Ta = +25°C, Unless Otherwise Stated 


Supply Voltage Between V+ and V- Terminals ............. 40.0V 
Differential Input Voltage. . 0... eee tee c cece eee enes 7V 
PEI WOREOO Ue) oe a eee er cceets ce ebeorees ets +15V 
Output Short Circuit Duration (Note 3)..............6- Indefinite 
Junction Temperature (Note 4)........... 50. e eee eee +175°C 
Junction Temperature (Plastic Package) .............-. +150°C 
Lead Temperature (Soldering 10 Sec.)...........-0 000 +300°C 


Operating Conditions 

Operating Temperature Ranges 

HA-5102/5104/5112/5114-2 .... eee eee eee -55°C < Ty $ +125°C 
HA-5102/5104/5112/5114-5 2... . cece eee ee 0°C < Ty $ +75°C 
HA-5102/5104/5112/5114-9 -...........00- -40°C < Ty < +85°C 
Storage Temperature Range.............-- -65°C < T, < +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications += 15V D.C., V- = -15V D.C., Unless Otherwise Specified 


HA-5102-2, -5 
HA-5112-2, -5 


PARAMETER 


INPUT CHARACTERISTICS 


HA-5104-2, -5 
HA-5114-2, -5 


rewp [min [tvP [MAX] MIN [ T¥P [MAX] IN | TvP [WAX] MIN | TYP [MAX 


HA-5102-9 HA-5104-9 
HA-5112-9 HA-5114-9 


f+esrc ] - [os] 20] - [osfas] - [os] 20] - |os| 25] mv 
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TRANSFER CHARACTERISTICS 


) | +25°C 


Full 
(Note 6) 


Small Signal Bandwidth 
HA-5102/5104 (Ay = 1) 

Gain Bandwidth Product 
HA-51 12/5114 (Ay = 10) 
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OUTPUT CHARACTERISTICS 


rs 
Output Voltage Swing 

(Ry, = 10kQ) 

(Pi = 2ka) 
[Output urent Notes) | _Ful_| 240 | #15 
Full Power Bandwidth (Note 9) 

HA-5102/5104 +25°C 

HA-5112/5114 +25°C 


Output Resistance +25°C 


Minimum Stable Closed Loop Gain 
HA-5102/5104 
HA-5112/5114 
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Specifications HA-5102, HA-5104, HA-5112, HA-5114 


Electrical Specifications V+ = 15V D.C., v- = -15V D.C., Unless Otherwise Specified (Continued) 


HA-5102-2, -5 HA-5104-2, -5 HA-5102-9 HA-5104-9 
HA-5112-2, -5 HA-5114-2, -5 HA-5112-9 HA-5114-9 


PARAMETER TEMP co ed ee 


TRANSIENT RESPONSE (Note 10) 


Rise Time 


HA-5102/5104 


HA-5112/5114 
Overshoot 
HA-5102/5104 
HA-5112/5114 
Slew Rate 
HA-5102/5104 
Settling Time (Note 11) 
HA-5102/5104 +25°C 
HA-5112/5114 
NOISE CHARACTERISTICS (Note 12) 
f = 10Hz 
f = 1kHz 
Input Noise Current 
f = 10Hz 


+ 
N 
a 

° 


Les) 


HA-5112/5114 
Input Noise Voltage 


+25°C 


Broadband Noise Voltage 
f = DC to 30kHz +25°C 
POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio 
(Note 6) 
NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


2. For supply voltages < +15V, the absolute maximum input voltage is equal to the supply voltage. 
3. Any one amplifier may be shorted to ground indefinitely. 


4. See thermal constants in “Die Characteristics” section. Maximum power dissipation, including output load, must be designed to maintain 
the maximum junction temperature below +175°C for hermetic packages, and below +150°C for plastic packages. 


5. Vout = £10V, Ry, = 2kaQ. 
6. Vom = +5.0V . 


7. Channel separation value is referred to the input of the amplifier. Input test conditions are: f = 10kHz; Vin = 100mV peak; Reg = 1kQ. (Refer 
to Channel Separation vs. Frequency Curve for test circuits.). 


8. Output current is measured with Voy = t5V. 
9. Full power bandwidth is guaranteed by equation: Full power bandwidth = 
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Slew Rate 


2mVDEAK 
10. Refer to Test Circuits section of the data sheet. 


11. Settling time is measured to 0.1% of final value for a 1 volt input step, and Ay = -10 for HA-5112/5114, and a 10V input step, Ay = -1 for 
HA-5102/5104. 


12. The limits for these parameters are guaranteed based on lab characterization, and reflect lot-to-lot variation. 


2-493 


OPERATIONAL 
AMPLIFIERS 


HA-5102, HA-5104, HA-5112, HA-5114 


Die Characteristics 


Transistor Count Thermal Constants (°C/W) Osa Bic 
HA-S HeeS 18!) eh. or. EO SAA ge oo eRe 93 HA2-5102/5112 (CAN).......scsesceeeeeees 108 33 
HA-5104/51 Sigs 2 eb EK EAA > MEX Meee toes 175 HA3-5102/5112 (PDIP) ..........sceceseees 92 30 
Die Dimensions HA4P5102 (PLCC).........scssseceseseseeeees 74 33 
CLL Tact) 6b SR ese arn 98.4 x 67.3 x 19 mils HA7-5102/5112 (CDIP).........cseseceeeeee 114 34 
(2500 x 1710 x 480um) = HA9QP5102/5112 (SOIC)............00+ era Se 35 
HA-5104/S1:14 ici dy oS. EE 99.6 x 95.3 x 19 mils HA1-5104/5114 (CDIP)............0000 na 71 13 
(2530 x 2420 x 480M) = HA3-5104/5114 (PDIP) .........sseeeeseee 86 25 
Sibatewmroener . oo oe oe ae oo \V- HA4P5104/5114 (PLCC)............0000- 74 32 
OR hr ee bins a Bie cere ode 4 0s aoe Bipolar-DI HA9P5104/5114 (SOIC)... 96 26 
gk Ee TRESS? Bae re te: ar ere foe gs = Nitride 
* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 
Test Circuits 
HA-5102, HA5104 
2kQ 
2kQ 
IN 
OUT IN 


t 50pF 


FIGURE 1. LARGE SIGNAL RESPONSE CIRCUIT 
Volts: 5V/Div., Time: 5ys/Div. (Ay = -1) 


2kQ i 50pF 


eS ace ee 
BEGGGHERES 
“7 SS Sa 


200mV 


FIGURE 2. SMALL SIGNAL RESPONSE CIRCUIT 
Volts: 40mV/Div., Time: 50ns/Div. (Ay = +1) 
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HA-5102, HA-5104, HA-5112, HA-5114 


Test Circuits (Continued) 
HA-5112, HA5114 


BEG me eae 
gO Re aeee a 
SERGE La ae 
aera Sass 
ain ml is 9 
A 


200mV 


INPUT A 


OUTPUT B 


Volts: Input A: 0.5V/Div., Output B: 5V/Div. Time: 50ns/Div. Volts: Input A: 0.01V/Div., Output B: 50mV/Div. Time: 50ns/Div. 

ren) 
zc 
O Ww 
pA 
<3 
IN ca 
OUT tw = 
re} < 

1.8kQ 

50pF 
2002 


FIGURE 3. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 
(Ay = +1 0) 


TO 
OSCILLOSCOPE 


° Ay=-1 (HA-5102/5104), *Ay = -10 (HA-5112/5114) 
¢ Feedback and summing resistors should be 0.1% matched. 
¢ Clipping diodes are optional, HP5082-2810 recommended. 


FIGURE 4. SETTLING TIME CIRCUIT 


2-495 


HA-5102, HA-5104, HA-5112, HA-5114 
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SUPPLY VOLTAGE (+V) 


FIGURE 10. Vio V8 Voc 
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TEMPERATURE (°C) 
FIGURE 9. Vio vs TEMPERATURE 


HA-5102, HA-5104, HA-5112, HA-5114 


Typical Performance Curves (continued) 


TOTAL SUPPLY CURRENT (mA) 


OPEN LOOP VOLTAGE GAIN (10°V/V) 


i aa OFFSET CURRENT (nA) 
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21 Voc = +15V 
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FIGURE 11. Ij vs TEMPERATURE 


Voc = +15V, lout = 0 TLL Reieuag 
aon a 


£0 -40 -20 0 20 40 60 80 
TEMPERATURE (°C) 


FIGURE 13. Ic¢g vs TEMPERATURE (HA-5104/14) 


Voc = t15V, AVo = t10V, Ry, = 2K 


TEMPERATURE (°C) 
FIGURE 15. Ayo, vs TEMPERATURE 
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INPUT BIAS CURRENT (nA) 


TOTAL SUPPLY CURRENT (mA) 


OPEN LOOP VOLTAGE GAIN (10°V/V) 


0 
60 -40 -20 0 20 40 60 #480 
TEMPERATURE (°C) 


FIGURE 12. Igiags Vs TEMPERATURE 


TILL EEE 


0 2 4 6 8 10 12 #14 116 £18 
SUPPLY VOLTAGE (+V) 


FIGURE 14. Icg VS Voc (HA-5102/12) 


5.5 


5.0 


LOAD RESISTANCE (Q) 
FIGURE 16. Ayo, vs LOAD RESISTANCE 


OPERATIONAL 
AMPLIFIERS 


HA-5102, HA-5104, HA-5112, HA-5114 


Typical Performance Curves (Continued) 


oe Tg = +25°C, R, = 2K ae 
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460 ee eee oe Fe ee ee 
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i Sa 
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SUPPLY VOLTAGE (V) 


FIGURE 17. Avo. vs Vec 


Voc = t15V, Ta = +25°C 


OUTPUT CURRENT (mA) 


0 50 100 150 200 250 300 350 400 450 
TIME (SECONDS) 


FIGURE 19. OUTPUT SHORT CIRCUIT CURRENT vs TIME 


POWER SUPPLY REJECTION (dB) 
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FIGURE 21. PSRR vs FREQUENCY 
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SUPPLY VOLTAGE (+V) 


FIGURE 18. Vout VS Voc 
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FIGURE 20. CMRR vs FREQUENCY 


PHASE SHIFT (DEGREES) 


VOLTAGE GAIN (dB) 


FREQUENCY (Hz) 


FIGURE 22. HA-5104/02 UNITY GAIN FREQUENCY RESPONSE 
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HA-5102, HA-5104, HA-5112, HA-5114 


100 ttt! tlt | til Voc = £15V, Ta = +25°C, 
CHENNAI sz cos sr 
60 


Typical Performance Curves (Continued) 
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FIGURE 23. HA-5112/14 FREQUENCY RESPONSE FIGURE 24. OPEN LOOP GAIN vs FREQUENCY 


OPERATIONAL 
AMPLIFIERS 


OVERSHOOT (%) 


SLEW RATE (NORMALIZED) 


“60 40 -20 0 20 40 60 80 100 120 
LOAD CAPACITANCE (pF) TEMPERATURE (°C) 


FIGURE 25. SMALL SIGNAL OVERSHOOT vs Ci oan FIGURE 26. SLEW RATE vs TEMPERATURE 


RISE TIME (NORMALIZED) 
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TEMPERATURE (°C) 


FIGURE 27. RISE TIME vs TEMPERATURE 
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HA-5127 


Ultra-Low Noise Precision 


Gg FARRIS 


SEMICONDUCTOR 


March 1993 Operational Amplifier 
Features Description 
e High Speed... 1... nce cece cece ccc cncnnces 10V/us The HA-5127 monolithic operational amplifier features an 


unparalleled combination of precision DC and wideband 


Wi i Ried ot AiR da ds aelstes .5MH 
2 Wide Sey wen Decne 3 appl high speed characteristics. Utilizing the Harris D. |. technol- 
©- LOW NOIGO . occ oie dais Pe ees ei eben 3nV/VHz at 1kHz ogy and advanced processin techniques, this unique 
@ LOW Nog ic ccc ccc cmc clench ecccnece decries 10yV design unites low noise (3nV/VHz) precision instrumentation 
oi MigN GMI Si are. co's wi vc bie bsdlgdesetves se’ 426aB Performance with high speed (10V/us) wideband capability. 
oEMIGH GAIN Aidds co ches oc ibis iscdseses: 1800V/mv This amplifier’s impressive list of features include low Vos 
: 2 (10yV), wide unity gain-bandwidth (8.5MHz), high open loop 
Applications gain (1800V/mV), and high CMRR (126dB). Additionally, this 
flexible device operates over a wide supply range (+5V to 
¢ High Speed Signal Conditioners +20V) while consuming only 140mW of power. 
Se Sea histremneriteten Ainpliniers Using the HA-5127 allows designers to minimize errors while 
e Low Level Transducer Amplifiers maximizing speed and bandwidth. 
* Fast, Low Level Voltage Comparators This device is ideally suited for low level transducer signal 
¢ Highest Quality Audio Preamplifiers amplifier circuits. Other applications which can utilize the 
° Pulse/RF Amplifiers HA-5127’s qualities include instrumentation amplifiers, pulse 


amplifiers, audio preamplifiers, and signal conditioning cir- 
: i cuits. This device can easily be used as a design enhance- 
Ordering Information ment by directly replacing the 725, OP25, OP06, OPO7, 


OP27 and OP37. For the military grade product, refer to the 
TEMPERATURE 


HA-5127/883 data sheet. 
HA2-5127-2 -55°C to +125°C |8 Pin CAN 
HA2-5127-5 0°C to +75°C 8 Pin CAN 
HA2-5127A-2 8 Pin CAN 
HA2-5127A-5 0°C to +75°C 8 Pin CAN 


Pinouts 
HA-5127 HA-5127 
(TO-99 METAL CAN) (PDIP, CDIP, SOIC) 
TOP VIEW TOP VIEW 
BAL 8] BAL 
+N V+ 
+IN | 6 | OUT 
v- 15] NC 
V-(CASE) 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2906.1 
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Specifications HA-5127, HA-5127A 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Ta = +25°C Unless Otherwise Stated Operating Temperature Range 

Supply Voltage Between V+ and V- Terminals.............. 44V RE TPA se Cir ee ae cadets wines -55°C < Ty s +125°C 
Differential Input Voltage (Note 2)............. cece ee eens 0.7V PABA IST ATGikiieis ck ccc as eave 0°C < Ty $ +75°C 
oe go weer mre ware were or Full Short Circuit Protection Storage Temperature Range............... -65°C < Ty < +150°C 
Junction Temperature (Note 13).............2. eee eee +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.).............005 +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 15v, V- = -15V, C, < 50pF, Rg < 100Q 
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INPUT CHARACTERISTICS 
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f = 10Hz +25°C 


f = 1000Hz 


Input Noise Current Density (Note 5) 
f = 10Hz 


+25°C te 
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o) 
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TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 6) 


1 
800 


+25°C 700 


800 


Common Mode Rejection Ratio (Note 7) 114 


$ 


</s 
3s 
<|< 


+25°C 
+25°C 


+25°C +10.0 


Full $11.7 


Minimum Stable Gain 
Unity-Gain-Bandwidth 
OUTPUT CHARACTERISTICS 
Output Voltage Swing 
R, = 600Q 


ee 
Sue 
a 
LOA 0 
Biase 
fed 
eS 


11.5 


+11.5 +13.5 
| Hts 
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OPERATIONAL 


AMPLIFIERS 


Specifications HA-5127, HA-5127A 


Electrical Specifications V+ = 15V, V- =-15V, C, < 50pF, Rg < 100Q2 (Continued) 


| 


Supply Current 


Power Supply Rejection Ratio (Note 12) 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


3 


fe 
>| > 


ho 
% 
3) 


2. For differential input voltages greater than 0.7V, the input current must be limited to 25mA to protect the back-to-back input diodes. 
3. This parameter value is based upon design calculations. 
4. Refer to Typical Performance section of the data sheet. 
5. The limits for this parameter are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
6. Vout = +10V, Ry = 2kQ 
7. Voy = +10V 
os . . Slew Rate 
8. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = P= BAAS (- 
9. Refer to Test Circuits section of the data sheet. PEAK 
10. Settling time is specified to 0.1% of final value for a 10V output step and Ay = -1. 
Th, Vout = 10V Step 
12. Vg = +4.5V to +18V 
13. See Thermal Constants in “Die Characteristics” section. 
Die Characteristics 
fot, CL RISORIG ZOGOOEOoE DOOD ICO nOeey Bi 63 Thermal Constants (°C/W) Oya Bic 
Age | 1 BGs Geaeior eer © rare 65 x 104.3 x 19 mils Ceramic Mini-DIP ....5... 0... cc ccnnsues 114 34 
(1700um x 2600um x 480pm) TO-O9 Metal Can. . 02.2... catnpaicrare 108 33 
Subeteia PORONUAN” 6. obs c pciby sc des cde vcbicee ned cegeedy V- Jie song tegen v6 28 
; SO gc Be sdb Berle coho 6c he SIE WEL OAS 157 43 
lS ESE Soy eT SES SE, en eeten Bipolar-DI 


* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 
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HA-5127, HA-5127A 


Schematic Diagram 
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HA-5127, HA5127A 


Test Circuits 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUITS 


LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 0.5V/Div.) Vertical Scale: (Volts: 100mV/Div.) 
(Output = 5V/Div.) Horizontal Scale: (200ns/Div.) 
Horizontal Scale: (Time = 11s/Div.) 


OUT 


7 +15V 


2N4416 To 
OSCILLOSCOPE 


e Ay =-1 


¢ Feedback and summing resistors 
should be 0.1% matched. 


¢ Clipping diodes are optional. 
HP5082-2810 recommended. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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HA-5127, HA-5127A 


Typical Performance Curves unless Otherwise Specified: T, = +25°C, Vsuppty = +15V 
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FIGURE 6. CMRR vs FREQUENCY 


FIGURE 5. NOISE vs SUPPLY VOLTAGE 


Vio DRIFT (LV) 
OFFSET VOLTAGE CHANGE (::V) 


0.0 1.0 2.0 3.0 4.0 
DAYS TIME AFTER POWER ON (MINUTES) 


FIGURE 7. OFFSET VOLTAGE DRIFT vs TIME FIGURE 8. OFFSET VOLTAGE WARM UP DRIFT 
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NOISE CURRENT (pA/VHz) 


OPERATIONAL 


AMPLIFIERS 


HA-5127, HA-5127A 


Typical Performance Curves unless Otherwise Specified: T, = +25°C, Veyppry = £15V (Continued) 


PSRR (dB) 


Ayo (100kV/V) AND Vout (V) 


SUPPLY CURRENT (mA) 


TSIM 


80 


" 0 100 1K 10K 100K 
FREQUENCY (Hz) 


FIGURE 9. PSRR vs FREQUENCY 


-. 


LOAD RESISTANCE (kQ) 
FIGURE 11. Ayo, AND Voyy vs LOAD RESISTANCE 


TEMPERATURE (°C) 
FIGURE 13. SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 10. CLOSED LOOP GAIN AND PHASE vs FREQUENCY 
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TEMPERATURE (°C) 


FIGURE 12. NORMALIZED SLEW RATE vs TEMPERATURE 


OUTPUT VOLTAGE (Vp.p) 
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FIGURE 14. MAX UNDISTORTED SINEWAVE OUTPUT vs 
FREQUENCY 
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HA-5127, HA-5127A 


— Performance Curves unless Otherwise Specified: T, = +25°C, Vsyppyy = +15V (Continued) 


Vout = 10Vstep 
Ri = 2K, CL = 50pF 


SUPPLY CURRENT (mA) 
NORMALIZED SLEW RATE AND BANDWIDTH 


A 6 8 10 12 14 16 18 20 Ba Es ae ae 8 10 12 14 16 18 20 
SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V) 
FIGURE 15. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 16. BANDWIDTH AND SLEW RATE vs SUPPLY 
VOLTAGE 


140 ail 
woo TI TTT 2-< 2 - sel wet TUT TT TT 32 
soo UIST UII TL S jpeussor | UT TI Lt Th ES 
a LULL ST UT TM 3 Spek ce 
4 I TT a hae an \ 5< 
& 60 e BRLIHERIoR ITH Z 
40k H 0 « CCC . 8 
SATE TET. i 
“TeARCUCCUCIC N Hs 
CEs ICCC TT § | CCCI, § 
CHEETA nT seas LU Tw TT tN aan 
10 100 1K 10K 100K 1M 10M 100M 1K 10K 100K 10M 100M 
FREQUENCY (Hz) Sec aosice ae 


FIGURE 17. OPEN LOOP GAIN AND PHASE vs FREQUENCY FIGURE 18. CLOSED LOOP GAIN AND PHASE vs FREQUENCY 


FIGURE 19. PEAK-TO-PEAK NOISE VOLTAGE (0.1Hz TO 10Hz) 
Horizontal Scale = 1sec/Div. 
Vertical Scale = 0.002. V/Div. 
Aci = 25,000V/V, En = 0.08 Vp_p RTI 
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HA-5127, HA-5127A 


Application Information 


Tested Offset Adjustment Range is IVog + 1mVI minimum referred to output. Typical range is +4mV with Ry = 10kQ. 
FIGURE 20. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


Low resistances are preferred for low noise applications as a 1kQ resistor has 4nVA/Hz of thermal noise. Total resistances of greater than 10kQ on 
either input can reduce stability. In most high resistance applications, a few picofarads of capacitance across the feedback resistor will improve stability. 


FIGURE 21. SUGGESTED STABILITY CIRCUITS 
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HARRIS HA-5130, HA-5135 


April 1993 Precision Operational Amplifiers 
Features Description 
e Low Offset Voltage. ........ cece eeecnes 25uV Max The Harris HA-5130/5135 are precision operational 


e Low Offset Voltage Drift .................. 0.4 V/°C 
eA. oe ca ka oka snes nebseean? 9nV/VHz 
e Open Loop Gain.........cccccccnccccccrccees 140dB 
e Unity Gain Bandwidth ..........-0eeeeeeees 2.5MHz 
e All Bipolar Construction 

Applications 

¢ High Gain Instrumentation 

e Precision Data Acquisition 

e Precision Integrators 

¢ Biomedical Amplifiers 


e Precision Threshold Detectors 


Ordering Information 


[PARTNUMBER | TEMP, RANGE | PACKAGE 
Taasta2 | sew +1260 [Pncan 
HA51905 


5 


amplifiers manufactured using a combination of key 
technological advancements to provide outstanding input 
characteristics. 


A Super Beta input stage is combined with laser trimming, 
dielectric isolation and matching techniques to produce 
25yV (Maximum) input offset voltage and 0.4u.V/°C input off- 
set voltage average drift. Other features enhanced by this 
process include 9nV/VHz (Typ.) Input Noise Voltage, 1nA 
Input Bias Current and 140dB Open Loop Gain. 


These features coupled with 120dB CMRR and PSRR make 
HA-5130/5135 an ideal device for precision DC 
instrumentation amplifiers. Excellent input characteristics in 
conjunction with 2.5MHz bandwidth and 0.8V/us slew rate, 
make this amplifier extremely useful for precision integrator 
and biomedical amplifier designs. These amplifiers are also 
well suited for precision data acquisition and for accurate 
threshold detector applications. 


HA-5130/5135 offers added features over the industry 
standard OP-07 in regards to bandwidth and slew rate 
specifications. For the military grade product, refer to the 
HA-5135/883 data sheet. 


Pinouts Schematic Diagram 


HA-5130/5135 (CDIP) 
TOP VIEW 


BAL L1 8] BAL 1 
4N at} V+ 
+IN 13) 6} OUT 
v- [4 15] BAL 1 


c3 
Q22 


HA-5130/5135 (TO-99 CAN) RP18 
TOP VIEW 


(-) INVERTING 
INPUT 


(Both BAL 1 pins are connected 
together internally) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 2907.1 


OPERATIONAL 
AMPLIFIERS 


Specifications HA-5130, HA-5135 


Absolute Maximum Ratings 
Ta = +25°C Unless Otherwise Stated 


Voltage Between V+ and V- Terminals...............0005 40.0V 
CTO NE MORI Sos os vos s ome c a'0's hom sc «nie ahd ce 7V 
Output Short Circuit Duration..............0.cc eee ee Indefinite 
Junction Temperature (Note 1)............cccceeeeeee +175°C 
Lead Temperature (Soldering 10 Sec.)..............000 300°C 


Operating Conditions 
Operating Temperature Ranges 
HAG TS ee eek oc a nee weaie ns eindis -55°C < Ta S$ +125°C 
PAA GT iin ps owe ode cdi das eA ees 0°C < Ty < +75°C 
Storage Temperature Range............... -65°C < Ty $ +150°C 
Thermal Resistance (°C/W) Bsa Bic 
Ceramic DIP Package............... 113 34 
Vane PROMI ics sn wees vcs pak ws 108 33 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications + = +15v, V- =-15V 


PARAMETER TEMP 


INPUT CHARACTERISTICS 


Offset Voltage +25°C 


Average Offset Voltage Drift ete: © 


ry 


Bias Current Average Drift 


Fa 
tea corenAwaseom 
a 


Input Noise Voltage Density (Note 2) 


f= 10Hz 


f = 1000Hz 


Input Noise Current 0.1Hz to 10Hz (Note 2) 


Input Noise Current Density (Note 2) 


f = 10Hz 


f = 1000Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


HA-5130-2/-5 HA-5135-2/-5 


+12 


oe 
ees 


ane 
Rt a Bs ee 
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Specifications HA-5130, HA-5135 


Electrical Specifications V+ = +15v, V- = -15V (Continued) 


PARAMETER 


H 
Uv 
| 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 5) +25°C 


eT Te | [oe 
sewn SC ee fos | 
setingtme pew we | | 


NOTES: 
1. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below +175°C. 


2. Not tested. 90% of units meet or exceed these specifications. 
3. Vour =+10V; Ri = 2K. Gain dB = 20 logo Ay. 


< 


/ 


OPERATIONAL 


a 


AMPLIFIERS 


“.120dB = 1MV/V 
140dB = 10MV/V 
. Vow = +10V DC 
. R, = 600Q. 
: B Slew Rate 
. R, = 2K; Full power bandwidth guaranteed based on slew rate measurement using FPBW = Te 
PEAK 


. Output resistance measured under open loop conditions (f = 100Hz). 

. Refer to test circuits section of the data sheet. 
10. Settling time is measured to 0.1% of final value for a 10V output step and Ay = -1. 
11. Vsuppry = +5V DC to +20V DC. 


4 
5 
6 
7. Vout = 10V 
8 
9 


Test Circuits 


OUT 


2kQ 100pF 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 
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HA-5130, HA-5135 


Test Circuits (Continued) 


SMALL SIGNAL RESPONSE 
Vertical Scale: Volts: 50mV/Div. Output LARGE SIGNAL RESPONSE 
Volts: 100mV/Div. Input Vertical Scale: Volts: 5\V/Div. 
Horizontal Scale: Time: 1ps/Div. Horizontal Scale: Time: 5ys/Div. 


, 10 
OSCILLOSCOPE Ay =-1 
Feedback and summing resistors should 
be 0.1% matched. 
Clipping diodes are optional. HP5082-2810 
2 Vout recommended. 


FIGURE 2. SETTLING TIME CIRCUIT 


Typical Performance Curves 


INPUT BIAS 
CURRENT (nA) 
BIAS CURRENT (nA) 


INPUT OFFSET 
CURRENT (nA) 


0 
-80 ~40 0 +40 +80 +4120 +16 ae ag ig eg eg 4 le 8 
TEMPERATURE (°C) DIFFERENTIAL INPUT VOLTAGE (V) 


FIGURE 3. INPUT OFFSET VOLTAGE INPUT BIAS AND FIGURE 4. INPUT BIAS CURRENT vs DIFFERENTIAL INPUT 
OFFSET CURRENT vs TEMPERATURE VOLTAGE 
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HA-5130, HA-5135 


Typical Performance Curves (Continued) 


Vsuppty = t15V 
Tc = t1°C, Ay = 1000 


MEASUREMENT AND ENVIRONMENTAL 
SYSTEMS ALLOWED 12 HOUR 
STABILIZATION PERIOD 


TT Tritt PUTT 


TOTAL DRIFT WITH TIME (yV) 


246 810 20 30 40 
TIME (DAYS) 


FIGURE 5. HA-5130 OFFSET VOLTAGE STABILITY vs TIME 


160 
— 140 
qa 
Ss 
> 120 
a 
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g 
oe 
> 60 
re] 

40 
S 
se: 

0 

-20 


_ 
— 
o 
= 
S 
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A 


10K 100K 1M 10M 
FREQUENCY (Hz) 


FIGURE 7. OPEN LOOP FREQUENCY RESPONSE 


PHASE MARGIN (DEGREES) 


\\ 24 
be 


10 100 1000 10,000 
LOAD CAPACITANCE (pF) 


FIGURE9. SMALL SIGNAL BANDWIDTH AND PHASE MARGIN 


vs LOAD CAPACITANCE 


z) 


INPUT NOISE VOLTAGE (nV/ 


PHASE (DEGREES) 


UNITY BANDWIDTH (MHz) 
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CLOSED LOOP GAIN (dB) 


INPUT CURRENT NOISE (pA/V/Hiz) 


FREQUENCY (Hz) 
FIGURE 6. INPUT NOISE vs FREQUENCY 


10 100 1K +##10K 100K 1M 10M 
FREQUENCY (Hz) 


FIGURE 8. CLOSED LOOP FREQUENCY RESPONSE FOR 


OUTPUT VOLTAGE SWING (Vp.p) 


VARIOUS CLOSED LOOP GAINS 


FREQUENCY (Hz) 


FIGURE 10. OUTPUT VOLTAGE SWING vs FREQUENCY AND 


SUPPLY VOLTAGE 


OPERATIONAL 


AMPLIFIERS 


HA-5130, HA-5135 


Typical Performance Curves (Continued) 


OUTPUT VOLTAGE SWING (Vp_p) 


eames, Gooey ge See 
ee oe 
A Re A 
ee ae 
10 100 1K 10K 


LOAD RESISTANCE (Q) 


FIGURE 11. MAXIMUM OUTPUT VOLTAGE SWING vs LOAD 


CMRR (dB) 


OUTPUT VOLTAGE STEP 


RESISTANCE AND SUPPLY VOLTAGE 


NORMALIZED AC PARAMETERS 
REFERRED TO VALUE AT +15V 


“0 +2 #+4 #+6 +8 +10 +12 +414 +16 +18 +20 
SUPPLY VOLTAGE (V) 


FIGURE 12. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 
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140 
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& 
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40 
20 
0 

1 16 100 1K 10K 100K 
FREQUENCY (Hz) 
FIGURE 13. CMRR vs FREQUENCY 
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SETTLING TIME (is) 


FIGURE 15. SETTLING TIME FOR VARIOUS OUTPUT STEP 


VOLTAGES 


s 8 8 


100 1K 10K 


FREQUENCY (Hz) 


FIGURE 14. PSRR vs FREQUENCY 


+80 
TEMPERATURE (°C) 


FIGURE 16. POWER SUPPLY CURRENT vs TEMPERATURE 
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AND SUPPLY VOLTAGE 


HA-5130, HA-5135 


Applying the HA-5130, HA-5135 Operational Amplifiers 


1. POWER SUPPLY DECOUPLING: Although not absolute- 3. When driving large capacitive loads (> 500pF), a small 


ly necessary, it is recommended that all power supply value resistor (~50Q) should be connected in series with 
lines be decoupled with 0.01,.F ceramic capacitors to the output and inside the feedback loop. 
ground. Decoupling capacitors should be located as near 
tentiometer is recommended if offset nulling is required. 
2. CONSIDERATIONS FOR PROTOTYPING: The following However, other potentiometer values such as 10kQ, 
list of recommendations are suggested for prototyping. 50kQ and 100kQ may be used. The minimum adjustment 


‘ poets, te range for given values is t2mV. 
e Resolving low level signals requires minimizing leak- 


age currents caused by external circuitry. Use of qual- 5. SATURATION RECOVERY: Input and output saturation 


ity insulating materials, thorough cleaning of insulating recovery time is negligible in most applications. However, 
surfaces and implementation of moisture barriers care should be exercised to avoid exceeding the absolute 
when required is suggested. maximum ratings of the device. 

¢ Error voltages generated by thermocouples formed 6. DIFFERENTIAL INPUT VOLTAGES: Inputs are shunted 
between dissimilar metals in the presence of temperature with back-to-back diodes for overvoltage protection. In 
gradients should be minimized. Isolation of low level circu- applications where differential input voltages in excess of 
ity from heat generating components is recommended. 1V are applied between the inputs, the use of limiting re- 


sistors at the inputs is recommended. 


Shielded cable input leads, guard rings and shield driv- 
ers are recommended for the most critical applications. 


AMPLIFIERS 


OPERATIONAL 


Applications 


OPTIONAL 


CONNECTION > OUT 


* Although Rp is shown equal to 20kQ, other values such as 50kQ, The excellent input and gain characteristics of HA-5130 are well 
100kQ and 1kQ may be used. Range of adjustment is approximately suited for precision integrator applications. Accurate integration over 
+2.5mV. Vog TC of the amplifier is optimized at minimal Vos. seven decades of frequency using HA-5130, virtually nullifies the 


fi h - lifiers. 
Tested Offset Adjustment is IVog + 1mVI minimum referred to output. ee RE Tre SRR Ce wee Se 


FIGURE 17. OFFSET NULLING CONNECTIONS FIGURE 18. PRECISION INTEGRATOR 
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HA-5130, HA-5135 


Applications (Continued) 


mye Og ire et Oe aes Wea 
+13V 
suaiaigt oe EW) Gan fe Aree te a 


INPUT 


tf = 
3¢ 
<4 
ee 
e 
3 
manewnnnQeenseese 


ee. Se os 


“ OPTIONAL FOR OUTPUT 
Low Vos coupled with high open loop Gain, high CMRR and high SWING LIMITING 


PSRR make HA-5130 ideally suited for precision detector applications. 


FIGURE 19. ZERO CROSSING DETECTOR 


FIGURE 20. PRECISION INSTRUMENTATION AMPLIFIER (Ay = 100) 
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Sens HA-5134 


April 1993 Precision Quad Operational Amplifier 
Features Description 
e Low Offset Voltage. ............eeeeeees Max 200uV The HA-5134 is a precision quad operational amplifier that is 
pin compatible with the OP-400, LT1014, OP 11, RM4156, 
* Low Offset Voltage Drift ............... Max 2nV/°C and LM148 as well as the HA-4741. Each amplifier features 


° Offset Voltage Match (5134A).... Full Temp. Max 250uV guaranteed maximum values for offset voltage of 200pV, off- 
set voltage drift of 2uV/°C, and offset current of 75nA over 


¢ High Channel Separation ...........++-..4 120dB the full military temperature range while CMRR/PSRR is 

. guaranteed greater than 94dB and Ayo, is guaranteed 
Lt NONOR ne on es g ocd oe Ua ce Shenk 7nV/VHz above BOOKV/V from -55°C to +125°C. 

e Wide Unity Gain Bandwidth ............eee0: 4MHz Precision performance of the HA-5134 is enhanced by a 

¢ High CMRR/PSRR (Typ).........-eseseeeeces 120dB _‘N0ise voltage density of 7nV/NHz at 1kHz, noise current den- 

sity of 1pA/VHz at 1kHz and channel separation of 120dB. 

¢ Dielectric Isolation Each unity-gain stable quad amplifier is fabricated using the 


dielectric isolation process to assure performance in the 


“a 
? . * ‘ ; <q w) 
A pp lications most demanding applications z c 
The HA-5134 is ideal for compact circuits such as instru- re 
e instrumentation Amplifiers mentation amplifiers, state-variable filters, and low-level | = 
¢ State-Variable Filters transducer amplifiers. Other applications include precision ry = 
data acquisition, precision integrators, and accurate thresh- re) < 
¢ Precision Integrators old detectors in designs where board space is a limitation. 
e Threshold Detectors For military grade product, refer to the HA-5134/883 datasheet. 


e Precision Data Acquisition Systems Orderin g Information 


[PARTNUMBER | TEMP. RANGE | PAGKAGE | 


e Low-Level Transducer Amplifiers 


Pinout 
HA-5134 (CDIP) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2926.1 
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Specifications HA-5134 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Ta = +25°C Unless Otherwise Stated Operating Temperature Ranges 

Voltage Between V+ and V- Terminals. ...........020000: 40.0V PIAGET ries si oo wie ws os bose -55°C < Ty < +125°C 
Differential Input Voltage (Note 2).......... ccc cece ee ee eee 6V PIAS ie ao bc box secs clnwaesg sae 0°C < Ty < +75°C 
Ouot Current 6.26 GS Seo Full Short Circuit Protection Storage Temperature Range.............. -65°C < Ty < +150°C 
Voltage at any Op Amp Terminal ................00eeee- V+, V- Thermal Resistance (°C/W) Oya Bic 
Junction Temperature (Note 3)............. eee eee eee +175°C Ceramic DIP Package............... 71 13 
Lead Temperature (Soldering 10 Sec.)..............6005 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Voc = +15V, Rigap = 2K, Croan = 5OpF, Rg < 1002, Unless Otherwise Specified 


a 


INPUT CHARACTERISTICS 


ee a ee eee ae 


Offset Voltage Match 


Bias Current +25°C 
Full 


se 
Sila. ae 
| 425°C 
|Full 
ich al 
pei | 
pip alin 


= 


siz] IB/BIE |Z/Z/2 |z : 
el<| |2/3)/8/8/8/3| ladle lajala (2 |5|<18 e(3 
wil Wl] Pa | Di Q Q 


H- 
a 
oO 


oOo; 


sa 


+50 


N 


a 


Average Offset Current Drift 


oO 
H- 
a 
oO 


+1 


Input Noise Voltage Density 
f = 10Hz 


N 
on 


Input Noise Current Density 
f = 10Hz 


© 


on ~ 
rx) 


00 
IV 


Common Mode Rejection Ratio 


Gee 1 par 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 


Output Current 
Full Power Bandwidth (Note 4) 
Channel Separation (Voyr = £10V) 


: 


o a 
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Specifications HA-5134 


Electrical Specifications Voc¢ = +15V, Rican = 2K, Cioap = SOpF, Rg < 1009, Unless Otherwise Specified (Continued) 


[asians | _wasiaens 


TRANSIENT RESPONSE (Note 5) 


1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


. For differential input voltages greater than 6V, the input current must be limited to 25mA to protect the back-to-back input diodes. 
. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below +175°C. 


Slew Rate 
. Full power bandwidth guaranteed based on slew rate measurement using FPBW = ~——-———; Vpeak = 10V 


2 

3 

: Side: 2m Vp EAK 
5. Refer to Test Circuits section of the data sheet. 

6 

7 

8 


. Time from 10% to 90% of 200mV output step, Ay = 1. 
. Specified to 0.01% of a 10V step, Ay = -1. 
. Vg = t5V to +18V. 


OPERATIONAL 
AMPLIFIERS 


Schematic Diagram (Each Amplifier) 
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HA-5134 


Test Circuits 
IN 
OUT 
2kQ | 50pF 
FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 
SMALL SIGNAL RESPONSE LARGE SIGNAL RESPONSE 
Vertical: 50mV/Div. Horizontal: 200ns/Div. Vertical: 2V/Div. Horizontal : 2us/Div. 
Ty = +25°C, Voc = +15V, Ay = +1, Ry = 2kQ, C, = SOpF Ty = +25°C, Vog = t15V, Ay = +1, Ry = 2kQ, C, = SOpF 


PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz 
Ta = +25°C, Voc = + 15V, Ay = 1000 


Ay =-1 
Feedback and summing resistors should be 0.1% matched. 
Clipping diodes are optional. HP5082-2810 recommended. 


@Np._p = 0.167pVp.p 
FIGURE 2. SETTLING TIME CIRCUIT 0.05 V/Div., 1s/Div. 
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HA-5134 


Performance Curves 


vein tba dee Ge (ENT 


EN 
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TIME ons! caer (°c) 
FIGURE 3. Vi) WARM-UP DRIFT FIGURE 4. INPUT OFFSET VOLTAGE vs TEMPERATURE 
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ST oi 
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F eer 
é CCEELEELECPEEEHEL a CTT aT 
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Geis Pera me, FREQUENCY (Hz) 
FIGURE 5. OFFSET CURRENT vs TEMPERATURE FIGURE 6. CHANNEL SEPARATION vs FREQUENCY 
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Voc = t5V TO 420V, Voy = +10V 


ECE TTT 
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Fi 2 § 
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FIGURE 7. REJECTION RATIOS vs TEMPERATURE FIGURE 8. NOISE VOLTAGE DENSITY vs FREQUENCY 
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HA-5134 


Performance Curves (Continued) 
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FIGURE 9. CMRR vs FREQUENCY 
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FIGURE 11. CLOSED LOOP FREQUENCY RESPONSE vs 


10M 


TEMPERATURE 
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FIGURE 13. MAXIMUM OUTPUT VOLTAGE vs TEMPERATURE 
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FIGURE 10. PSRR vs FREQUENCY 


PSRR (dB) 
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z a ee 


CET Tae seco TTT UTTT | 
CUTTTAT  T 
Coo raliaisens 


20 

cette tans 
Pei: ssn TN 
nie Dell ae 


& 
PHASE (DEGREES) 


= 
o 
© 


10K 1M 10M 


100K 
FREQUENCY (Hz) 


FIGURE 12. CLOSED LOOP GAIN/PHASE vs FREQUENCY 
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TEMPERATURE (°C) 


FIGURE 14. SUPPLY CURRENT vs TEMPERATURE 


40 60 80 100 120 


HA-5134 


Performance Curves (Continued) 


OVERSHOOT (%) 


BRIG 
CNET IE SUTE 
TT tease tt 
ST TTT mL Ht 
SUT NY 
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10 100 1K 10K 100K 1M 10M 100M 
LOAD CAPACITANCE (nF) FREQUENCY (Hz) 


FIGURE 15. OVERSHOOT vs Cy oap FIGURE 16. OPEN LOOP GAIN & PHASE vs FREQUENCY 
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Applications Information 


TRANSIENT RESPONSE OF APPLICATION CIRCUIT #1 


Ta as +25°C, Voc val t15V, Ay a 1, Ry = 10kQ Vout = +10V, Rioap = 50Q CLoap = 0.01 pF, Ay = 3, Voc = +t15V 
20mV/Div, 1p1s/Div. Top: Input, 2V/Div., 20us/Div. Bottom: Output, 5V/Div, 20us/Div. 


FIGURE 17. SMALL SIGNAL TRANSIENT RESPONSE (C; pap = 1nF) 


R 

ar. (Ro 
hw 145%) (=) 
#3 Re \Ry 


* 10Q - 100Q recommended for short circuit limiting. 


NOTE: When driving heavy loads the HA-5002 may 
contribute to thermal errors. Proper thermal shielding 
is recommended. 


"1g HA-5134 oe 


FIGURE 18. APPLICATION CIRCUIT #1: INSTRUMENTATION AMPLIFIER WITH POWER OUTPUT 
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OPERATIONAL 
AMPLIFIERS 


HA-5134 


Applications Information (Continued) 


Vin ¢ 
1/4 HA-5134 


1), HA-5134 


Vin © 


Vin +15V 


(BOTTOM TRACE) 1, HA-5134 
4 


OUTPUT 
(TOP TRACE) 


+15V 


High Ayo, of HA-5134 reduces gain 
error. 
Gain Error = 0.004% at Ay = 8. 


° VREF 


tt Hee 


Horizontal: 50p:s/Div. 
Vin = t25mV, Voyr = +14V 


NOTE: If differential input voltages greater than 6V are present, input 
current must be limited to less than 25mA. 


FIGURE 20. APPLICATION CIRCUIT #3: PRECISION COMPARATOR 


General Considerations 


1. POWER SUPPLY DECOUPLING: Although not absolute- 
ly necessary, it is recommended that all power supply 
lines be decoupled with 0.01uF ceramic capacitors to 
ground. Decoupling capacitors should be located as near 
to the amplifier terminals as possible. 


. CONSIDERATIONS FOR PROTOTYPING: The following 
list of recommendations are suggested for prototyping. 


¢ Resolving low level signals requires minimizing 
leakage currents caused by external circuitry. Use of 
quality insulating materials, thorough cleaning of 
insulating surfaces and implementation of moisture 
barriers when required is suggested. 
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e Error voltages generated by thermocouples formed 
between dissimilar metals in the presence of 
temperature gradients should be minimized. Isolation 
of low level circuitry from heat generating components 
is recommended. 


e Shielded cable input leads, guard rings and shield 
drivers are recommended for the most critical 
applications. 


FiARRIS 


SEMICONDUCTOR 


HA-5137 


Ultra-Low Noise Precision 
Wideband Operational Amplifier 


uD 


March 1993 

Features Description 

© High Speed... ...:. oo « baiunns Ge Goines a mew ees 20V/us The HA-5137 monolithic operational amplifier features an 
e Wide Gain Bandwidth (Ay >5) .............. 63MHz unparalleled combination of precision DC and wideband 
Oe NONE SS eS oe ov mo cee baw kc 3nV/./Hz at 1kHz high speed characteristics. Utilizing the Harris Dielectric Iso- 
MEAN Vest oy 6 css eGR 6 cs oe Bes 10yV__ lation technology and advanced processing techniques, this 
ot High. CURR =~ ooo ee 126dB Unique design unites low noise (3nV/vHz) precision 
° High Gain 1800V/mV instrumentation performance with high speed (20V/us) wide- 

TTT GR ER ERA R URL band capebity 
Applications This amplifier’s impressive list of features include low Vos 


¢ High Speed Signal Conditioners 

e Wide Bandwidth Instrumentation Amplifiers 

e Low Level Transducer Amplifiers 

e Fast, Low Level Voltage Comparators 

Highest Quality Audio Preamplifiers 

¢ Pulse/RF Amplifiers 

e For Further Design Ideas See Application Note 553 


Ordering Information 


| wowoen | “mance | packace 
NUMBER RANGE 


2 


Pinouts 


HA-5137 (TO-99 METAL CAN) 
TOP VIEW 


V- (CASE) 


(10.V), wide gain bandwidth (63MHz), high open loop gain 
(1800V/mV), and high CMRR (126dB). Additionally, this flexi- 
ble device operates over a wide supply range (+5V to t20V) 
while consuming only 140mW of power. 


Using the HA-5137 allows designers to minimize errors while 
maximizing speed and bandwidth in applications requiring 
gains greater than five. 


This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-5137’s qualities include instrumentation amplifiers, pulse 
or RF amplifiers, audio preamplifiers, and signal conditioning 
circuits. 


This device can easily be used as a design enhancement by 
directly replacing the 725, OP25, OPO6, OP07, OP27 and 
OP37 where gains are greater than five. For the military 
grade product, refer to the HA-5137/883 data sheet. 


HA-5137 (PDIP, CDIP, SOIC) 
TOP VIEW 


OPERATIONAL 


AMPLIFIERS 


File Number 2908.1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HA-5137, HA-5137A 


Absolute Maximum Ratings Operating Temperature Ranges 

T, = +25°C Unless Otherwise Specified MI TIe oo ne oon es one es -55°C < Ty < +125°C 
Voltage Between V+ and V- Terminals................000- BAN: RS ins os i acca ects cease ens 0°C < Ty s +75°C 
Differential Input Voltage (Note 1)................ 2c eee eee 0.7V Storage Temperature Range............... -65°C < Ty < +150°C 
CINCO. 005 15 SA Full Short Circuit Protection 

Junction Temperature (Note 12)............... eee eee +175°C 

Junction Temperature (Plastic Packages)............... +150°C 

Lead Temperature (Soldering 10s)................000. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, V- = -15V, C, < 50pF, Rg < 100Q 


INPUT CHARACTERISTICS 


«A oa 
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Input Noise Voltage 0.1Hz to 10Hz +25°C 
(Note 3) 


ant He 
Input Noise Voltage f = 10Hz Soe 
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f = 1000Hz 
Input Noise Current f = 10Hz 
Density (Note 4) f= 100Hz 
f = 1000Hz 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 5) 
Gain-Bandwidth-Product f= 10kHz 


OUTPUT CHARACTERISTICS 


Output Voltage Swing = 600Q 
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Specifications HA-5137, HA-5137A 


Electrical Specifications V+ = +15v, V- = -15V, C, < 50pF, Rg < 1002 (Continued) 


NC. a 
ce ce 


POWER SUPPLY CHARACTERISTICS 
Supply Current 


Power Supply Rejection Ratio (Note 11) 


NOTES: 
. For differential input voltages greater than 0.7V, the input current must be limited to 25mA to protect the back-to-back input diodes. 


os 


2. This parameter value is based upon design calculations. 
3. Refer to Typical Performance section of the data sheet. af 
4. The limits for this parameter are based on lab characterization, and reflect lot-to-lot variation. = pL 
5. Vout = t10V, Ry = 2k 2 = 
Pee pee Slew Rate Ps a 
7. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = CP a a o - 
8. Refer to Test Circuits section of the data sheet. PEAK ce) 
9. Settling time is specified to 0.1% of final value for a 10V output step and Ay = -5. 

10. Vout = +3V (6V Step). 

11. Vg = +4V to +18V 

12. See Thermal Constants in “Die Characteristics” text. 

Die Characteristics | 

TIANGIGION DU cs oh o's Bose de os aes «see pe we 63 Thermal Constants (°C/W) Osa Bic 

Ole DUMORMIONE 5.2). diusiteteAieudansiestisece-ateroe 65 x 104.3 x 19 mils Coverme MiN-DIP it aks de. dic cod 114 34 

(1700um x 2600um x 480m) Ta-OO Molal Can. i5 ohn bw de ccdavevccdes 108 33 
Substrata Potential . oi. ccs. ders dec snBeih.. sede ceed SE o> ong Spleens Oo a he eee 7 te 
PIO ook ov Beebo s.00:3:0 docs de'vostte seule tates  . Saie Sek: aes Np eis sates vant trier: Style oes Sain 


* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 
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HA-5137, HA-5137A 


Schematic 
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HA-5137, HA-5137A 


Test Circuits 
FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 1V/Div.) Vertical Scale: (Volts: Input = 20mV/Div.) 
(Volts: Output = 5V/Div.) (Volts: Output = 100mV/Div.) 
Horizontal Scale: (Time = 11s/Div.) Horizontal Scale: (Time = 100ns/Div.) as 
3 | qt” 
6 wi 
— i 
<4 
i 
IN 
Q. 
| oO” 
IN 
OUT 


OUT 


4 TO 
OSCILLOSCOPE 


° Ay = -5 
e Feedback and summing resistors should be 
0.1% matched. 


¢ Clipping diodes are optional. HP5082-2810 
recommended. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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HA-5137, HA-5137A 


Typical Performance Curves unless Otherwise Specified: T, = +25°C, Vsuppiy = +15V 
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HA-5137, HA-5137A 


Typical Performance Curves unless Otherwise Specified: T, = +25°C, Vsyppry = +15V (Continued) 
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OPERATIONAL 


AMPLIFIERS 


HA-5137, HA-5137A 


Typical Performance Curves unless Otherwise Specified: Ts = +25°C, Veurewy = +15V (Continued) 
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Application Information 


FIGURE 17. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 
Test Offset Adjustment Range is IVog + 1mVi minimum referred to output. Typical range is t+4mV with Rp = 10kQ 


Low resistances are preferred for low noise applications as a 1kQ resistor has 4nV/VHz of thermal noise. Total resistances of 
greater than 10kQ on either input can reduce stability. In most high resistance applications, a few picofarads of capacitance 
across the feedback resistor will improve stability. 


FIGURE 18. SUGGESTED STABILITY CIRCUITS 
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Dp HARRIS HA-5142, HA-5144 


Dual/Quad Ultra-Low Power 


April 1993 Operational Amplifiers 
Features Description 
e¢ Low Supply Current................000- 45uA/Amp The HA-5142/44 ultra-low power operational amplifiers 


provide AC and DC performance characteristics similar to or 


r ae eal ply Voltage Range Single -. ..; + 4 ed ee better than most general purpose amplifiers while only 
Menrnen patar ts sarees rare are drawing 1/30 of the supply current of most general purpose 
© PRON SOW AMG... ccc orcs cccnccecckcasee 1.5V/us amplifiers. In applications which require low power dissipa- 
tion and good AC electrical characteristics, this family offers 

Ad High See paren gr ince euemees 5 tie nage CxeREr=® 100kV/V the industry's best speed/power ratio. 
* Unity Gain Stable The HA-5 142/44 provides accurate signal processing by virtue of 
e Available in Duals and Quads their low input offset voltage (2mV), low input bias current (45nA), 
high open loop gain (100kV/V) and low noise (20nV/VH2), for low 
2 . power operational amplifiers. These characteristics coupled with 
Applications a 1.5V/us slew rate and a 400kHz bandwidth make the HA-5142/ 
¢ Portable Instruments 44 ideal for use in low power instrumentation, audio amplifier and 


active filter designs. The wide range of supply voltages (3V to 
30V) also allow these amplifiers to be very useful in low voltage 
¢ Telephone Headsets battery powered equipment. These parts are also tested and 
guaranteed at both +15V and single ended +5V supplies. 


¢ Meter Amplifiers 


e Microphone Amplifiers 
These amplifiers are available with industry standard pinouts 
¢ Instrumentation which allow the HA-5142/5144’s to be interchangeable with most 


¢ For Further Design ideas See Application Note 544 other operational amplifiers. For military grade product refer to 
the 5142, 5144/883 data sheet. 


Pinouts (See Ordering Information on Next Page) 


HA-5142 (PDIP, CDIP) HA-5142 (TO-99 METAL CAN) HA-5142 (300 mil SOIC) 
TOP VIEW TOP VIEW TOP VIEW 


HA-5144 (PLCC) HA-5144 (PDIP, CDIP) HA-5144 (300 mil SOIC) 
TOP VIEW TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2909.1 
Copyright © Harris Corporation 1993 9-533 


OPERATIONAL 


AMPLIFIERS 


HA-5142, HA-5144 


-wtugen | “Rance | paccace 
NUMBER RANGE 


Ordering Information 


jwiucen | Menor” | rxceaoe 
NUMBER RANGE 
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rassues | ocww7e0 [emPesor 


Schematic Diagram 
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Specifications HA-5142, HA-5144 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Between V+ and V- Terminals .............. 35V Operating Temperature Range 

Differential Input Voltage... 1.2.6... eee cee ccc ee tees 7V en ACOA eis iad ees C08 s sce eebes O°C < Ty < +75°C 
Gutpul Current. Viiv n.cs 83555 mene Short Circuit Protected PENTIMA! Bids cds ccaeeany sous sees -55°C < Ty S$ +125°C 
Junction Temperature (Note 12)......... 02... cece eee +175°C HA-5142/44-9 con cic cca ccccescccace -40°C < T, < +85°C 
Junction Temperature (Plastic Package) ............... +150°C Storage Temperature Range............... -65°C < Ty < +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Rg, = 100Q, C, < 10pF, Unless Otherwise Specified 


-2, -5, -9 
V+ = +5V, V- = 0V 


-2, -5, -9 
V+ = +15V, V- = -15V 


PARAMETER 


INPUT CHARACTERISTICS 


Sor oem! Soret Gn Gal eel Gan ee ee 


Offset Voltage (Note 11) 


Average Offset Voltage Drift 


Bias Current (Note 11) 


Offset Current (Note 11) 


Common Mode Range Full 


aE 
=| 3 
N N 


+10 


= 
< x) 
oi< 


a 


+ 
N 
oO 
) 
QO 


Input Noise Current (f = 1kHz) +25°C 


TRANSFER CHARACTERISTICS 


kV/V 


$ 


$ 


Common Mode Rejection Ratio (Note 7) 


Bandwidth (Notes 2, 3) +25°C 


OUTPUT CHARACTERISTICS 
+25°C 1.0 to 0.7 to 
3.8 4.2 
Full 1.2 to 0.9 to +10 +13 
3.5 4.0 


Tare | 


Output Voltage Swing (Notes 2, 10) 


Full Power Bandwidth (Notes 2, 4, 8) 
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OPERATIONAL 
AMPLIFIERS 


Specifications HA-5142, HA-5144 


Electrical Specifications Rg, = 1009, C, < 10pF, Unless Otherwise Specified (Continued) 


-2, -5,-9 -2, -5, -9 
V+ = +5V, V- = 0V V+ = +15V, V- = -15V 
Pannen es | Spee ee 
= ee ee ae 
sevraweweo «awe 'f ow | ve | fo | os | | vm 
fsoaratmenoes «dt wwe | - fw | -f-] | 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio (Note 9) 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


. R, = 50kQ 

. OC, = 50pF 

. Vo = 1.4 to 2.5V for Voc = +5, OV; Vo = £10V for Voc = +15V. 

. Settling Time is specified to 0.1% of final value for a 3V output step and Ay = -1 for Voc = +5V, OV. Output step = 10V for Voc = t15V. 
. Maximum input slew rate = 10V/us. 

» Vow = 0 to 3V for Vog = +5, OV; Voy = t10V for Vog = t15V. 


. Full Power Bandwidth is guaranteed by equation: FPBW = = ; 
| AVg = +10V for Veg = +5, OV; AVg = t5V for Veg = +15V. PEAK 

. For Voc = +5, OV terminate R, at +2.5V. Typical output current is t3mA. 

. Vo = 1.4V for Voc = +5V, OV. 

. See Thermal Constants in “Die Characteristics” section. 


Slew Rate 
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Die Characteristics 


Transistor Count Thermal Constants (°C/W) Osa Bic 
PUN tee a Gk Rag: e cube wees Nhs ue PERS ee G6. HAGSIGQICDIPD, sccs ccc cb cnc ters 71 13 
pth FEL PEPER EEE PEER PERS LORY TLE PRE REY IF SPEe We AR ee CP ccs ccs csv eskcetwen ws 111 34 

SUSE POMNWIME a5 05.0-5' 2 ck ee eA we Bes bev Ovkew ters oe V- HA3-5142 (Plastic Mini DIP)............. 92 30 

|S ONERSEs Geiger Boop aeens betas Keteestee & Bipolar-DI HA3-5144(PDIP)..............0ee000e 108 38 

PU PLO) so cccccccnesteeesvtss 74 32 

* The substrate may be left floating (Insulating Die Mount) or it may H € 42 ‘eararke Mini DIP) ........... 114 35 

be mounted on a conductor at V- potential. HAQP5142 (SOIC) .....-.00.c0cee000 0.413 35 
HAGPSTAAISOIG) «.....:0c0ssseivecss 96 26 
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HA-5142, HA-5144 


Test Circuits 
” OUT 
50kQ ds 
FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 5V/Div.; Output = 2V/Div.) Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 2us/Div.) Horizontal Scale: (Time: 2us/Div.) 


INPUT 
INPUT jf 
a0 
zc 
© Ww 
i LL 
<5 
cs 
: 5 < 
OUTPUT OUTPUT | 
+VsuppLy = +15V, -VsuppLy = -15V +Vsuppiy co +15V, -VsuppLy = -15V 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 2V/Div.; Output = 1V/Div.) Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 5ys/Div.) Horizontal Scale: (Time: 5ys/Div.) 
INPUT ff ignurst 
OUTPUT 


OUTPUT | 


+Vsuppiy = +5V, -VsuppLy = OV +Vsuppiy = +5V, -VsuppLy = OV 
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HA-5142, HA-5144 


Typical Performance Curves v, = +2.5V, T, = +25°C, Unless Otherwise Specified 
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FIGURE 2. OPEN LOOP FREQUENCY RESPONSE 
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FIGURE 6. OUTPUT VOLTAGE SWING vs FREQUENCY AND 
SINGLE SUPPLY VOLTAGE 


70 


bee INPUT BIAS CURRENT 
= 


Ip (nA) 
IIgs! (nA) 


# INPUT OFFSET CURRENT see 


ee = ct MSR aw eRe Ree 
Prt rt hoi Te 
HAGZSASLARE aa SAREEE 
60 -40 -20 0 20 40 60 80 100 120 
TEMPERATURE (°C) 


FIGURE 3. INPUT OFFSET CURRENT AND BIAS CURRENT vs 
TEMPERATURE 


Mi oe Sex allllll 
e .eeesuee 
Giles alee 


aerate —— 
SUPPLY VOLTAGE (V) 


NORMALIZED AC PARAMETERS 
REFERRED TO VALUE AT +2.5V 


+9 +10 


FIGURE 5. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 


De ES RE 9s 8 a 
ie Fae teig = 
Paes) eiewerare | | 
mE a 

a 
y 
Po 


NORMALIZED PARAMETERS 
° 
re) 


REFERRED TO VALUE AT +25°V 


60 -40 -20 -10 0 


20 40 60 
TEMPERATURE (°C) 


FIGURE 7. NORMALIZED AC PARAMETERS vs 
TEMPERATURE 


80 100 120 


2-538 


HA-5142, HA-5144 


Typical Performance Curves \, = +2.5V, T, = +25°C, Unless Otherwise Specified (Continued) 
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ae HA-5147 


Ultra-Low Noise Precision High Slew Rate 


aD 


March 1993 Wideband Operational Amplifier 
Features Description 
© FOE Ow co pha b Fo Wis ce ie gbidddeoie dvcleece 35V/us The HA-5147 monolithic operational amplifier features an 
Wide Gain Bandwidth (Ay >10) ............ 120MHz Unparalleled combination of precision DC and wideband 
; (Ay Z high speed characteristics. Utilizing the Harris D. |. technol- 
bd Low Noise ee ee 3nV/VHz et 1kHz ogy and advanced processin techniques, this unique 
ORE cee ch ade tas USUI isc vce we ced 10uV design unites low noise (38nV/VHz) precision instrumentation 
° High CMRR 126dB performance with high speed (35V/us) wideband capability. 
© Woh Gan es ii loi. dee cdciddcs ote sie 1800V/my ‘This amplifier’s impressive list of features include low Vos 
(10pV), wide gain bandwidth (120MHz), high open loop gain 
. ° (1800V/mV), and high CMRR (126dB). Additionally, this flex- 
Ap P lications ible device operates over a wide supply range (+5V to +20V) 
e High Speed Signal Conditioners while consuming only 140mW of power. 
¢ Wide Bandwidth Instrumentation Amplifiers Using the HA-5147 allows designers to minimize errors while 
¢ Low Level Transducer Amplifiers maximizing speed and bandwidth in applications requiring 


¢ Fast, Low Level Voltage Comparators gains greater than ten. 


¢ Highest Quality Audio Preamplifiers This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 

¢ Pulse/RF Amplifiers HA-5147’s qualities include instrumentation amplifiers, pulse 
: or RF amplifiers, audio preamplifiers, and signal conditioning 
Ordering Information circuits. Further application ideas are given in Application 


Note 553. 


This device can easily be used as a design enhancement by 
directly replacing the 725, OP25, OPO6, OP07, OP27 and 
OP37 where gains are greater than ten. For military grade 
product, refer to the HA-5147/883 data sheet. 


PARTNUMBER | TEMP.RANGE | PACKAGE | 
HA2-5147-2 -55°C to +125°C 
5 | oct0.780 


Pinouts 
HA-5147 HA-5147 
(PDIP, CDIP) (TO-99 METAL CAN) 
TOP VIEW TOP VIEW 
BAL [1 | 18] BAL 
4N 2 a > V+ 
+N £3] 16} out 
v- [4 IS} Nc 
V- (CASE) 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 291 0.1 


ight © Harris Co tion 1993 
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Specifications HA-5147, HA-5147A 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Ta = +25°C Unless Otherwise Stated Operating Temperature Ranges 

Voltage Between V+ and V- Terminals .................006- +44V SI ATIATASS Sik is ve kos Pee qns ns ced -55°C < Ty s +125°C 
Differential Input Voltage (Note 2).......... 0 cece e ee ee eee 0.7V HA-SIAZ/ATAS . occ cesses ches ibarns 0°C < Ty < +75°C 
LI OTU ac peace ena s a kw aes Full Short Circuit Protection Storage Temperature Range............... -65°C < Ty s +150°C 
Junction Temperature (Note 13).......... ccc eeeeeees +175°C 

Junction Temperature (Plastic Packages)............... +150°C 

Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 15V, V- =-15V, C, < 50pF, Re < 100Q 


INPUT CHARACTERISTICS 


ee Seo tee | ee ee 
[average OfsotVotage oan +f ru [| 02 
Bias Current wae a ar a 


Offset Current +25°C 7 


— 
. 


ui 
= = 
< < < 
Uv 
Help h pf : : 


f = 100Hz 
f = 1000Hz 
TRANSFER CHARACTERISTICS 


Minimum Stable Gain +25°C 


Large Signal Voltage Gain (Note 6) +25°C 


HE 
a3 
NTN 


< 


sce) ee 
Common Mode Range £11.5 +10.3 | +115 
Differential Input Resistance (Note 3) topper peeg Be" | 
Input Noise Voltage 0.1Hz to 10Hz (Note 4) | = | 0.08 a 
Input Noise Voltage Density (Note 5) 
f = 10Hz +25°C ae ne nVAHz 
f = 100Hz he amine i nVAHz 
f = 1000Hz ae eee nVANHz 
Input Noise Current Density (Note 5) 
f = 10Hz fae 1.7 eee 7 pANHz 
Ae 
ees 


1800 
Full 
Full 


< 
< 


a 
= 
ae 
| 1000 _| 
| 600 | V/imV 


Common Mode Rejection Ratio (Note 7) 


Gain-Bandwidth-Product 


ao 


+25°C 
+25°C 


Output Resistance, Open Loop 


| 300_| 
| 100 | 120 
f = 10kHz +25°C a gy 
| 120 | Pe es 
OUTPUT CHARACTERISTICS 
Output Voltage Swing 
R, = 600Q +25°C +10.0 | +11.5 +10.0 | +11.5 
P25] es ae ee 
425°C ei pe fe 


os 
05 | 


Output Current 
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OPERATIONAL 


AMPLIFIERS 


Specifications HA-5147, HA-5147A 


Electrical Specifications + = 15v, v- =-15V, C, < 50pF, Rg < 1002 


Ppa ee 
oe OS eee 


TRANSIENT RESPONSE (Note 9) 


i ee eee ee 


[Siownate Wowt ___————S—~d Cnc | ee os | | me) |e 


Supply Current 
Power Supply Rejection Ratio (Note 12) | Full | 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


. For differential input voltages greater than 0.7V, the input current must be limited to 25mA to protect the back-to-back input diodes. 
. This parameter value is based upon design calculations. 

. Refer to Typical Performance section of the data sheet. 

. The limits for this parameter are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

» Vout = +10V, Ry = 2kQ 

~ Voy = £10V 

. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = pep 
. Refer to Test Circuits section of the data sheet. PEAK 
. Settling time is specified to 0.1% of final value for a 10V output step and Ay = -10. 

. Vout = +3V (6V Step). 

. Vs = +4V to +18V 

. See thermal constants in “Die Characteristics” section. 


Slew Rate 
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Die Characteristics 


bp a OS ERR Slap ahcr eae Gere emer Seectagns riety Pages ty Ream S 63 
COL RPT IBIONUB S55 os shes clk Gee ols ca end eck es 65 x 104.3 x 19 mils 
Ee PENRO rr er ee or ee ee ce \- 
NESE ERR RS = Rtg anan ao aG ge apes eat Ee Cee pene ES Bipolar -DI 
Thermal Constants (°C/W) Bsa Bic 
Ceramic Mini-DIP ................00. 114 34 
EES ANU ABER eins cg: aoe ileresy ecard eee 108 33 
Jc, 2. pg BReRRRPGn Aphetd.<> seus sane 8 rseyen § 92 30 


* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 
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HA-5147, HA-5147A 


Schematic 
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HA-5147, HA-5147A 


Test Circuits 
> OUT 
FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 0.5V/Div.) Vertical Scale: (Volts: Input = 10mV/Div) 
(Volts: Output = 5V/Div.) (Volts: Output = 100mV/Div) 
Horizontal Scale: (Time: 500ns/Div.) Horizontal Scale: (Time: 100ns/Div) 


OUT = 


5 +15V 


2N4416 


, 10 
OSCILLOSCOPE 


Ay =-10 


Feedback and summing resistors 
should be 0.1% matched. 


Clipping diodes are optional. 
HP5082-2810 recommended. 


Vin © 


2kQ 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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HA-5147, HA-5147A 
Typical Performance Curves T, = +25°C, Vsyppiy = +15V, Unless Otherwise Specified 
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FIGURE 3. TYPICAL OFFSET VOLTAGE DRIFT vs. TEMPERATURE FIGURE 4. NOISE CHARACTERISTICS 
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FIGURE 5. NOISE vs. SUPPLY VOLTAGE FIGURE 6. CMRR vs. FREQUENCY 
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OPERATIONAL 
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FIGURE 7. PSRR vs. FREQUENCY FIGURE 8. OPEN LOOP GAIN AND PHASE vs. FREQUENCY 


120 
fessor | UTM UAT Mil 
100 


PSRR (dB) 


© 
oOo 
PHASE (DEGREES) 


180 


2-545 


HA-5147, HA-5147A 


Typical Performance Curves 1, = +25°C, Vsuppiy = t15V, Unless Otherwise Specified (Continued) 
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FIGURE 9. Ayo, AND Voyy vs. LOAD RESISTANCE FIGURE 10. NORMALIZED SLEW RATE vs. TEMPERATURE 


Vo = OV, Voc = t15V 


SUPPLY CURRENT (mA) 
OUTPUT VOLTAGE (Vp.p) 


ii 
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FIGURE 11. SUPPLY CURRENT vs. TEMPERATURE FIGURE 12. Voyy MAX (UNDISTORTED SINEWAVE OUTPUT) 
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FIGURE 13. CLOSED LOOP GAIN AND PHASE vs FREQUENCY FIGURE 14. PEAK-TO-PEAK NOISE VOLTAGE (0.1Hz TO 10Hz) 
Ac, = 25,000V/V 
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HA-5147, HA-5147A 


Application Information 


Tested Offset Adjustment Range is Vos +1mVIi minimum referred to output. 
Typical range is t4mV with Ry = 10kQ. 


FIGURE 15. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


a | 
Cs <i” 
zc 
7 eccaae 4 gee fe) WW 
el eS 

R; Q. 
re) < 

Rg 
\/ 


Low resistances are preferred for low noise applications as a 1kQ resistor has 4nV/VHz of thermal noise. Total resistances of greater than 
10kQ on either input can reduce stability. In most high resistance applications, a few picofarads of capacitance across the feedback resistor 
will improve stability. 


FIGURE 16. SUGGESTED STABILITY CIRCUITS 
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HARRIS HA-5160, HA-5162 


Wideband, JFET Input High Slew Rate, 


March 1993 Uncompensated, Operational Amplifiers 
Features Description 
e Wide Gain Bandwidth (Ay > 10) ............ 100MHz The HA-5160 is a wideband, uncompensated, operational 
amplifier with FET/Bipolar technologies and Dielectric Isola- 
¢ High Slew Rate............ sees ee eeeeees 120V/U8 tion. This monolithic amplifier features superior high fre- 
© Matting Time... 5.5 o.oo ace Fence oes ce Ne 280ns quency capabilities further enhanced by precision laser 
trimming of the input stage to provide excellent input charac- 
ROE CAI gb one a vcs tnicpenatnce see 1.9MHz teristics. This device has excellent phase margin at a closed 
oe I nnd cb occu ncews ne beau waves 1.0mV eee! OF 10 NII Regen OnE 
The HA-5160/5162 offers a number of important advantages 
© Bias Current.........eseeeee scene eeeeeeeees 20PA over similar FET input op amps from other manufacturers. In 
addition to superior bandwidth and settling characteristics, 
Applications the Harris devices have nearly constant slew rate, band- 
width, and settling characteristics over the operating temper- 
e Video and RF Amplifiers ature range. This provides the user predictable performance 


in applications where settling time, full power bandwidth, 


¢ Data Acquisition closed loop bandwidth, or phase shift is critical. Note also 


¢ Pulse Amplifiers that Harris specified all parameters at ambient (rather than 
junction) temperature to provide the designer meaningful 

e Precision Signal Generation data to predict actual operating performance. 

——$ Complementing the HA-5160/5162’s predictable and excellent 

Ordering Information dynamic characteristics are very low input offset voltage, very 


low input bias current, and a very high input impedance. This 
ideal combination of features make these amplifiers most suit- 
able for precision, high speed, data acquisition system designs 
and for a wide variety of signal conditioning applications. The 
HA-5160 provides excellent performance for applications which 
require both precision and high speed performance. The 
HA-5162 meets or exceeds the performance specifications of 
National’s hybrid op amp, the LHO062. 


Military version (/883) data sheets are available upon 
request. 


Fearcwuwsen | "nanos | packace 
PART NUMBER RANGE 

faesicoa | secwsan0 [arma 
feos | wows [armcw 
meses | owec [arom 


Pinout 
HA-5160/5162 
(TO-99 METAL CAN) 
TOP VIEW 


COMPENSATION 


Case connected to V- 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 291 1 1 
Copyright © Harris Corporation 1993 9-548 


Specifications HA-5160, HA-5162 


Absolute Maximum Ratings Operating Conditions 

Vollage Between. V+. and Ve... es cis cape mapccwimeccccades 40V Operating Temperature Ranges 

Differential Input Voltage. ........... cece cee eee eee eees MO a eI OO? A csc e hes cs vesvecesees -55°C < Ty $ +125°C 
Peak Output Current............... Full Short Circuit Protection OR. ag ok oud ee os 0 es awd nee ees 0°C < Ty s +75°C 
Junction Temperature (Note 2)........... cece eee eeees +175°C ERE Ent DS a anak § agen 0°C < Ty $ +75°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C Storage Temperature Range............... -65°C < T, < +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, V- = -15V, Unless Otherwise Specified. 


HA-5160-2 HA-5160-5 HA-5162-5 
-55°C to +125°C 0°C to +75°C 0°C to +75°C 
ranancren | var Poe [ve [oat om [> [wnt [ww [vr [aa 


INPUT CHARACTERISTICS 


as Oc A A 


Offset Voltage Average Drift VPC 


= 


Bias Current 


Input Capacitance 


Input Resistance 


oe 
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ot 
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oO 
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ul 
ots 


Common Mode Range 


So 
H+ 
= 
_ 
So 


os 


+25°C 
Offset Current 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) +25°C 


Common Mode Rejection Ratio 
(Note 4) 


N 


N 


> on 


Minimum Stable Gain 


° 
a 
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Gain Bandwidth Product (Ay > 10) 


OUTPUT CHARACTERISTICS 
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OPERATIONAL 


AMPLIFIERS 


Specifications HA-5160, HA-5162 


Electrical Specifications V+ = +15v, V- = -15V, Unless Otherwise Specified. (Continued) 


HA-5160-2 HA-5160-5 HA-5162-5 
-55°C to +125°C 0°C to +75°C 0°C to +75°C 
ranaweren | rem [wn [ve [wax | son [vm [wax | vn | ve [we | wer 


TRANSIENT RESPONSE (Note 9) 


meme «dpe *@]-]-y*]-]-]*|-]= 
swe pee ffm] fm pm |p|] | 
samumonewro fet -fm|-|-|=|-|-|~|-| = 


POWER SUPPLY CHARACTERISTICS 


Sabai Bowe ELS BBO) Mision. co dene 


Power Supply Rejection Ratio +25°C 74 74 70 86 
(Note 11) 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


. See thermal constant in “Die Characteristics” section. 

. Vout = t10V, Ry = 2kQ 

. Vow = t10VDC 

R, = 2kQ 

~ Vout = t10V 

. Full Power Bandwidth guaranteed, based on slew rate measurement using FPBW = ey 
. Output resistance measured under open loop conditions. PEAK 
. Refer to Test circuits section of the data sheet, where Ay = +10. 

. Settling Time is measured to 0.2% of final value for a 10V output step and Ay = 10. 

. Vsuppry = t10VDC to +20VDC 


Slew Rate 


©OMNDAOA PWD 


—_ oA 
_— © 
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HA-5160, HA-5162 


Schematic Diagram 


ASU ait i 7 


V+ 
R14 
P27 
P26 


OPERATIONAL 
AMPLIFIERS 


va 


Die Characteristics 


RINE SOMO saa Sic osc 8 Ws Kae he ee Sb OE aed oe en Be Pe is «Ses Hee RW Rs pa a oe Bipolar/JFET DI 
fe RN Gigs es vp tde ese ne sade ends 131 x 72x19 mils Thermal Constants (°C/W) Bsn Bic 

(3330pm x 1830um x 483m) HA2-5160/5162 (-2, -5,-7) ........... 100 31 
Substrate Potential (Powered Up) ............ce cee eeees None 
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HA-5160, HA-5162 


Test Circuits 
FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: A = 0.5V/Diw., B = 5V/Div. Vertical Scale: A = 10mV/Div., B = 100mV/Div. 
Horizontal Scale: Time = 500ns/Div. Horizontal Scale: Time = 100ns/Div. 


OUTPUT B 


INPUT A 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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Ay =-10 
Feedback and summing resistors 
should be 0.1% matched. 


* Clipping diodes are optional. 
HP5082-2810 recommended. 


HA-5160, HA-5162 


Typical Performance Curves 
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FIGURE 3. INPUT OFFSET VOLTAGE AND BIAS CURRENT vs. 
TEMPERATURE 
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FIGURE 5. OUTPUT VOLTAGE SWING vs. FREQUENCY 


INPUT NOISE VOLTAGE (nVAN/Hz) 
INPUT NOISE CURRENT (pA/VHz) 
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FIGURE 7. INPUT NOISE VOLTAGE AND NOISE CURRENT vs. 
FREQUENCY 
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FIGURE 6. OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS COMPENSATION CAPACITANCES 
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FIGURE 8. NORMALIZED AC PARAMETERS vs. TEMPERATURE 
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HA-5160, HA-5162 


Typical Performance Curves (Continued) 


OUTPUT VOLTAGE SWING (V) 


OUTPUT VOLTAGE STEP (V) 
r) 


0 100 200 300 400 500 600 
LOAD RESISTANCE (Q) ; SETTLING TIME (ns) 


FIGURE 9. OUTPUT VOLTAGE SWING vs. LOAD RESISTANCE ‘FIGURE 10. SETTLING TIME FOR VARIOUS OUTPUT STEP 
VOLTAGES 


COMMON MODE REJECTION RATIO (dB) 
PWOER SUPPLY REJECTION RATIO (dB) 


1 10 100 1K 10K 100K 1M 1 10 100 1K 10K 100K 1M 
FREQUENCY (Hz) FREQUENCY (Hz) 


FIGURE 11. COMMON MODE REJECTION RATIO vs FREQUENCY FIGURE 12. POWER SUPPLY REJECTION RATIO vs FREQUENCY 


Vsuppty = t10V 


Vsuppty = +7V 


SUPPLY CURRENT (mA) 


TEMPERATURE (°C) 
FIGURE 13. POWER SUPPLY CURRENT vs TEMPERATURE 
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HA-5160, HA-5162 


Applying the HA-5160/5162 


1. POWER SUPPLY DECOUPLING: Although not absolute- 3. CAPACITIVELOADS: Whendriving large capacitive loads 
ly necessary, it is recommended that all power supply (>100pF), it is suggested that a small resistor (~100Q) be 
lines be decoupled with 0.01F ceramic capacitors to connected in series with the output of the device and in- 
ground. Decoupling capacitors should be located as near side the feedback loop. 


to the amplifier terminals as possible. 
4. POWER SUPPLY MINIMUM: The absolute supply mini- 
STABILITY: The phase margin of the HA-5160/5162 will mum is t6V and the safe level is +7V. 
be improved by connecting a small capacitor (>10pF) be- 
tween the output and the inverting input of the device This 
small capacitor compensates for the input capacitance of 
the FET. 


nm 


Applications 
SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY* 


INVERTING UNITY GAIN PULSE RESPONSE 
Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 500ns/Div.) 
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FIGURE 14. INVERTING UNITY GAIN CIRCUIT 


NONINVERTING UNITY GAIN PULSE RESPONSE 
Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 500ns/Div.) 
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FIGURE 15. NONINVERTING UNITY GAIN CIRCUIT 


* Values were determined experimentally for optimum speed and settling time. 
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Gy FARRIS 


SEMICONDUCTOR 


HA-5170 


Precision JFET Input 
Operational Amplifier 


March 1993 
Features 
9 DOW CTRL VOMMID oe ib ns cc ces on tubntneasee 100L.V 
e Low Offset Voltage Drift ................... 2uV/°C 
RNIN So ck cok Coca buis Sans ve ws 10nV/./Hz 
e High Open Loop Gain ...............e005: 600kV/V 
9 CIN as in 0 on Win.ot ts Koces ne ¥ sv sab aen 8MHz 


e Unity Gain Stable 

e Applications 

¢ High Gain Instrumentation Amplifiers 

¢ Precision Data Acquisition 

Precision Integrators 

Precision Threshold Detectors 

e For Further Design Ideas, Refer to App. Note 540 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


HA2-5170-2 -55°C to +125°C 8 Pin Can 


HA2- | HAZ-5170-5 | | OC to 475°C to +75°C 8 Pin )8PinCan 


Lae AIS a to +125°C 8 Lead a 
DIP 

HA7-5170-5 0°C to +75°C 8 Lead Ceramic 
DIP 


Pinouts 
HA-5170 
(CDIP) 
TOP VIEW 
BAL | 1) | 8] NC 
4N 2— V+ 
+N | 3, e | 6] OUT 
V- | 4) | 5] BAL 


Description 


The Harris HA-5170 is a precision, JFET input, operational 
amplifier which features low noise, low offset voltage and low 
offset voltage drift. Constructed using FET/Bipolar technol- 
ogy, the Harris Dielectric Isolation (DI) process, and laser 
trimming this amplifier offers low input bias and offset cur- 
rents. This operational amplifier design also completely elim- 
inates the troublesome errors due to warm-up drift. 


Complementing these excellent input characteristics are 
dynamic performance characteristics never before available 
from precision operational amplifiers. An 8V/us slew rate and 
8MHz bandwidth allow the designer to extend precision 
instrumentation applications in both speed and bandwidth. 
These characteristics make the HA-5170 well suited for pre- 
cision integrator amplifier designs. 


The superior input characteristics also make the HA-5170 
ideally suited for transducer signal amplifiers, precision volt- 
age followers and precision data acquisition systems. For 
application assistance, please refer to Application Note 540 
addressing specifically this device. 


Military version (-8) product and data sheets available upon 
request. 


HA-5170 
(TO-99 METAL CAN) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1993 
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File Number 2912.1 


Specifications HA-5170 


Absolute Maximum Ratings (Note 1) 
T, = +25°C, Unless Otherwise Specified 


Voltage Between V+ and V- Terminals..................- 44.0V 
Differential input Voliage:! Oo. To s2 Te oc eb cece eee 30.0V 
Output Short Circuit Duration...............cec enue Indefinite 
Junction Temperature (Note 2)........... cece cee eeees +175°C 
Lead Temperature (Soldering 10 Sec.)...............6- +300°C 


Operating Conditions 
Operating Temperature Range 
PAO TUN Os ota ee Ti ie Ciwas ae nees -55°C < Ty < +125°C 
Wb t70-0 4s. Socest soins coassnes 0°C <T, < +75°C 
Storage Temperature Range............... -65°C < Ty < +150°C 
Thermal Package Characteristics (°C/W) Osa Bic 
SATANIC CNP? Cis cc cave es SOO 113 34 
COR ree RRR ERT RCO CT ETS 105 32 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications v+ = +15v, V- = -15V, Unless Otherwise Specified 


PARAMETER 
INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift (Note 3) Forse | 


Bias Current +25°C 


Bias Current Average Drift ee 
Offset Current 


Offset Current Average Drift (Note 3) ae 


Common Mode Range +10 


Differential Input Capacitance 
Differential Input Resistance (Note 3) 
Input Capacitance (Single Ended) 


Input Noise Voltage 0.1Hz to10Hz +25°C 
(Note 3) 


2 


Input Noise Voltage Density (Note 3) 
fo = 10Hz 


fo = 100Hz 


fo = 1000Hz 


Input Noise Current Density (Note 3) 


fo = 10Hz 
fo = 100Hz 


fo = 1000Hz 


HA-5170-2 HA-5170-5 
-55°C to +125°C 0°C to + 75°C 


i Ee ae LL 2 ES 


+15.1 


OPERATIONAL 


mV 
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| oe 
io parC 
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eee 
Mescnatoe parC 
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AMPLIFIERS 


Specifications HA-51 70 


Electrical Specifications V+ = +15v, V- =-15V, Unless Otherwise Specified 


HA-5170-2 HA-5170-5 
-55°C to +125°C 0°C to + 75°C 


él 


PARAMETER TEMP 


a 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Notes 4) +25°C kV/V 


kV/V 


Common Mode Rejection Ratio 
(Note 5) 


S 


+25°C 
+25°C 


Minimum Stable Gain 


Closed Loop Bandwidth (Ayo, = +1) 
OUTPUT CHARACTERISTICS 


+25°C +12 


H- 
a 
ie) 
H- 
_ 
>) 


Output Voltage Swing (Note 6) +10 


-| |e 


Full Power Bandwidth (Note 7) +25°C 


+25°C +10 +15 +15 


Output Current (Note 8) 


H 
Ss 
Oo 


Output Resistance (Note 3 & 9) +25°C 


e 
oi 


TRANSIENT RESPONSE 


Rise Time +25°C 


Slew Rate +25°C Vis 


Settling Time (Notes 3 & 10) +25°C 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio 
(Note 11) 
NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceable of the circuit may be impaired. Functional 
operable under any of these conditions is not necessarily implied. 


. Maximum power dissipation must be designed to maintain junction temperature below +175°C. 
. Parameter is not 100% tested. 90% of all units meet or exceed these specifications. 

- Vout = t10V, Ry, = 2kQ. 

. AVoy = +10VDC. 

Ry = 2kQ. 

R,, = 2kQ; Full power bandwidth guaranteed based on slew rate measurement using FPBW = 
. Vout = £10V. Isc turns on at = 23mA. 

. Output resistance measured under open loop conditions (f = 100HZz). 

. Settling time is measured to 0.1% of final value for a 10V output step and Ay = -1. 

. V+ = +15V, V- =-10V to -20V and V- = -15V, V+ = +10V to +20V. 


SlewRate 
2mVpEAK 


—_ A 
-SOMONDOO SF WN 
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HA-5170 


Schematic 
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HA-5170 


Test Circuits 


OUT 7 S 


FIGURE 1. Vog ADJUSTMENT FIGURE 2. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 


Tested Offset Adjustment Range is |Vog + 1mVI minimum referred 
to output. Typical range is +5mV with Ry = 1kQ and +15mV with 


Rr = 100kQ. 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: 5V/Div. Vertical Scale: 10mV/Div. 


Horizontal Scale: 1s/Div. Horizontal Scale: 100ns/Div. 


' : : : 
ia : 
' 


nee ae Sane 


Revs We eenenerncerant cars 


HA-5170 LOW FREQUENCY NOISE (0.1Hz TO 10Hz) 


Vertical Scale: 200nV/Div. (Noise Referred to Input) 
5mV/Div. at Output, Ayo, = 25,000. 
Horizontal Scale: 1s./Div. 


= 10Hz FILTER 
Ay = 25,000 


2.5MQ 


FIGURE 3. LOW FREQUENCY NOISE TEST CIRCUIT 
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HA-5170 


Typical Performance Curves 
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FIGURE 4. INPUT NOISE vs FREQUENCY 
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OUTPUT VOLTAGE STEP (V) 


SETTLING TIME (1s) 


FIGURE 6. SETTLING TIME FOR VARIOUS OUTPUT STEP 
VOLTAGES 
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FIGURE 8. POWER SUPPLY CURRENT vs SUPPLY VOLTAGE 
AND TEMPERATURE 
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OFFSET VOLTAGE (mV) 


-0.6 


-55 25 


TEMPERATURE (°C) 


FIGURE 5. OFFSET VOLTAGE DRIFT vs TEMPERATURE OF 
REPRESENTATIVE UNITS 


AMPLIFIERS 


OPERATIONAL 


IBias (NA) 


50 
TEMPERATURE (°C) 


FIGURE 7. BIAS CURRENT vs TEMPERATURE 


te BANDWIDTH 


Set 


NORMALIZED PARAMETERS REFERRED 
TO PARAMETERS AT +25°C 


TEMPERATURE (°C) 


FIGURE 9. NORMALIZED AC PARAMETERS vs 
TEMPERATURE 


HA-5170 


Typical Performance Curves (Continued) 
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FIGURE 10. POWER SUPPLY REJECTION RATIO vs FREQUENCY 
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FIGURE 12. SMALL SIGNAL BANDWIDTH AND PHASE MARGIN 


vs LOAD CAPACITANCE 
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FIGURE 14. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 


NORMALIZED AC PARAMETERS 
REFERRED TO VALUE AT +15V 
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FIGURE 11. COMMON MODE REJECTION RATIO vs FREQUENCY 
Ry = 2K 
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FIGURE 13. OUTPUT VOLTAGE SWING vs FREQUENCY AND 
SUPPLY VOLTAGE 
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FIGURE 15. MAXIMUM OUTPUT VOLTAGE SWING vs LOAD 
RESISTANCE 
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HA-5170 


Typical Performance Curves (continued) 
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FIGURE 16. OPEN LOOP FREQUENCY RESPONSE 
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OPERATIONAL 


AMPLIFIERS 


Ga HARRIS 


SEMICONDUCTOR 


HA-5177 


Ultra-Low Offset Voltage 


March 1993 Operational Amplifier 

Features Description 

e Low Offset Voltage. .... 2.2... 22 cee eee ccecees 20uV The HA-5177 is a monolithic, all bipolar, precision opera- 

¢ Low Offset Voltage Drift 0.2uVv/°C tional amplifier, utilizing Harris dielectric isolation and 
AE Hed ) fants ee ; advance processing techniques. This design features a com- 

¢ High Voltage Gain .........+--+-+eeeeeeeees 150dB bination of precision input characteristics, wide bandwidth 

© Hi GMP. ayo b cc cuigs o cauiccoudebe chutes 140dB (2MHz) and high speed (0.8V/us). 

© PHT PS i nc bikidsdnialsie-nininit.nlenah dina pin cinlangd 135dB The HA-5177 uses advanced matching techniques and laser 

© LOW NOBO i he decree ere Pieris 9.0nV/VHz__ trimming to produce low offset voltage (20,,V) and low offset 

voltage drift (0.2uV/°C). This design also features low volt- 
* Low Power Consumption ........-....- SimW Max. age noise (9.0nV/VHz), low current noise (1.2pA/VHz), nano- 
A pplications amp input currents, and 120dB minimum gain. 


These outstanding features along with high CMRR (140dB) 


oP a ngenaon As and high PSRR (135dB) make this unity gain stable amplifier 


¢ Precision Control Systems ideal for high resolution data acquisition systems, precision 

e Precision Integrators integrators, and low level transducer amplifiers. 

¢ High Resolution Data Converters The HA-5177 can be used as a direct replacement for the 

© Precision Threshold Detectors OP05, OPO7, and OP77 while offering higher bandwidth and 
slew rate. See the HA-5177/883 data sheet for military grade 

e Low Level Transducer Amplifiers parts and LCC package. 


Ordering Information 


TEMPERATURE 
RANGE 
-55°C to +125°C 8 Pin CAN 


HA2-5177-5 0°C to +75°C 8 Pin CAN 
HA3-5177-5 0°C to +75°C 8 Lead Plastic DIP 


HA7-5177-2 -55°C to +125°C 8 Lead Ceramic DIP 
0°C to +75°C 8 Lead Ceramic DIP 
0°C to +75°C 8 Lead SOIC 


Pinouts 
HA-5177 HA-5177 
(PDIP, CDIP, SOIC) (TO-99 METAL CAN) 
TOP VIEW TOP VIEW 
BAL BAL 
-N V+ 
OUT 
41N OUT 
V- NC NC 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 291 3.1 
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Specifications HA-5177 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage Between V+ and V- Terminals.............. 44V Operating Temperature Range 

CHIPPER ILE WONBOG. oo oc ss oo oe tes bs as bce ks veews 7V a eR ae | Rs ae Pinca renee ee -55°C < Ty $ +125°C 
SE ON i os 5s ussiniaie sos she's’ o sguuse Short Circuit Protected GST G8 sai Cos seas hapee eee. 0°C < Ty < +75°C 
UCIT TINEA xis sein te ereeniasreavccaemcgnonhavniminccd +175°C Storage Temperature Range............... ~65°C < Ty < +150°C 
Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)...............5- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, V- = -15V, Unless Otherwise Specified 


HA-5177 


INPUT CHARACTERISTICS 
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Average Offset Voltage Drift Full 
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input Noise Voltage Density 
fo = 10Hz 
fo = 100Hz 
fo = 1000Hz 
Input Noise Current Density 


fo = 10Hz 
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fo = 100Hz 


Large Signal Voltage Gain (Note 2) 


Common Mode Rejection Ratio (Note 3) 


Closed Loop Bandwidth (Ayo, = +1) 
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OPERATIONAL 
AMPLIFIERS 


Specifications HA-5177 


Electrical Specifications V+ = +15v, V- = -15V, Unless Otherwise Specified (Continued) 


PARAMETER 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


R, = 600Q 


NOTES: 


—_ A 
=“SOMANDOA FWDND 


. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Func- 


tional operability under any of these conditions is not necessarily implied. 


. Vout = +10V, Ry = 2ka. 
. Voy = 10V D.C. 


R, = 2kQ. 
: ; Slew Rate 
. Full power bandwidth guaranteed based on slew rate measurement using FPBW = 5» Vpeak = 10V 
Vout = t10V. PEAK 


. Refer to test circuits section of the data sheet. 

. Settling time is measured to 0.1% of final value for a 10V output step and Ay = +1. 
. AVsyppry = +10V D.C. to t20V D.C. 

~ Ay =1, Ry = 2kQ, Voyt = t200mV. 

. Ay =1, Ry = 2kQ, Voytz = 0 to 3V. 
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HA-5177 


Schematic Diagram 


OPERATIONAL 
AMPLIFIERS 


Die Characteristics 


TUNE GRMNG a sd 5 a bicte nk & uhh bird ARR d ews oe bw pe 

Ee CTI 5g 565056 0a ok Oe cee eaes ewe 102 x 71.7 x 19 mils 

(2590 x 1820 x 485m) 

Se oie a9: 5.k con waite WRG Re Loe ade a eee \- 

PRRs Powis Siees da Wists ut bs ees High Frequency Bipolar DI 

PRIN So 93 oie Gon bein oy oud Oa RO ay REESE oe eh ae Silox 
Thermal Constants (°C/W) Bia Bic 
Carerris MIP oes wc a ccc ae ce eyes 113 34 
TO-99 Metal Can ...........0 ccc eeee 124 38 
Pe INET 5 ck aos vavinewnawe gens 92 30 
Wk 6 Chan ties bh ed Lae week eee 157 42 


* The substrate may be left floating (Insulating Die Mount) or it may 
be mounted on a conductor at V- potential. 
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HA-5177 


Test Circuits 


OUT 


2k igs 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 


FIGURE 2. SMALL SIGNAL RESPONSE FIGURE 3. LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: 100mV/Div.) Vertical Scale: (Volts: 5V/Div.) 
Horizontal Scale: (Time: 2ys/Div.) Horizontal Scale: (Time: 5ys/Div.) 


+15V 


2N4416 
TO 
OSCILLOSCOPE 
2kQ 
e Ay = -1 
y VouT ° Feedback and summing resistors 
i should be 0.1% matched. 
50pF 
i e Clipping diodes are optional. HP5082- 
2kQ 2810 recommended. 


FIGURE 4. SETTLING TIME CIRCUIT 
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HA-5177 


Typical Performance Curves vg = +15V, T, = +25°C 


“COO 
CORTE 
CHET 
BOAO EU SU AGL Aa 
CONCEPT ga CTT 
BEV REUREUAR DG SOUR 
me CH ARN AAR EBL SU 
CHIPS as TT 
CITI TS 
CHT I 


“1 
0.01 0.1 10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 


FIGURE 5. OPEN LOOP GAIN AND PHASE vs FREQUENCY 
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FIGURE 7. PSRR vs FREQUENCY 
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FIGURE 9. CLOSED LOOP GAIN AND PHASE vs. FREQUENCY 
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FIGURE 6. VARIOUS CLOSED LOOP GAINS vs FREQUENCY 
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FIGURE 8. CMRR vs. FREQUENCY 
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FIGURE 10. CLOSED LOOP GAIN AND PHASE vs. FREQUENCY 
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HASE SHIFT (DEGREES) 
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HA-5177 


Typical Performance Curves vg = +15V, T, = +25°C (Continued) 
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FIGURE 11. OFFSET CURRENT vs TEMPERATURE 
Five Representative Units 
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FIGURE 13. OFFSET VOLTAGE vs TEMPERATURE 
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FIGURE 15. OFFSET VOLTAGE WARM-UP DRIFT 
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FIGURE 14. INPUT NOISE vs FREQUENCY 
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FIGURE 16. OFFSET VOLTAGE vs SUPPLY VOLTAGE 
Six Representative Units 
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INPUT NOISE CURRENT (pA/ 


HA-5177 


Typical Performance Curves vs = +15V, Ts = +25°C (Continued) 
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FIGURE 19. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 20. OUTPUT VOLTAGE vs FREQUENCY 
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HA-5177 


Typical Performance Curves vz = +15V, Ts = +25°C (Continued) 
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HA-5177 


Applications Information 
Operation Below 15V Supply 


The HA-5177 performs well down to +5V supplies. At +5V 
supplies there is a slight degradation of slew rate and open 
loop gain. There is very little change in bias currents and off- 
set voltage. 


Offset Adjustment 
The following is the recommended Vio adjust configuration: 


+15V 


Setting Rp = 20K will give an adjustment range of +2.6mV. 


Input Protection 


The HA-5177 input stage has built in back-to-back protection 
diodes with series current limiting resistors. 


The Bias currents will increase when a differential voltage of 
0.7 volts is exceeded. 


OPERATIONAL 
AMPLIFIERS 


The internal current limiting resistors sufficiently limit cur- 
rent therefore, no external resistors are required. 


Refer to the “Bias Current vs Differential Input Voltage” 
curve in the Typical Performance Curves section 5 
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Gq HARRIS HA-5190, HA-5195 


Wideband, Fast Settling 


March 1993 Operational Amplifiers 
Features Description 
e Fast Settling Time (0.1%) .............0eeeees 70ns_ HA-5190/5195 are monolithic operational amplifiers 
° Very High Slew Rate ...............-e00e- 200V/us featuring a combination of speed, precision, and bandwidth. 
Employing monolithic bipolar construction coupled with 
¢ Wide Gain-Bandwidth (Ay 25) ...........-. 150MHz Dielectric Isolation, these devices are capable of delivering 
¢ Power Bandwidth. .....ccccscseccscccssecs 6.5MHz 200V/us slew rate with a settling time of 70ns (0.1%, 5V 
output step). These truly differential amplifiers are designed 
© LOW OSC VONIG oils oo nic viekwiad oc clnec ce ccccces 3mV to operate at gains > 5 without the need for external 
e Input Noise Voltage ..........--+-2+22eeeee 6nV/VHz compensation. Other outstanding HA-5190/5195 features 
¢ Bipolar D.I. Construction are 150MHz gain bandwidth product and 6.5MHz full power 
bandwidth. In addition to these dynamic characteristics, 
Applications these amplifiers also have excellent input_characteristics 


such as 3mV offset voltage and 6.0nV/VHz input voltage 


¢ Fast, Precise D/A Converters noise at 1kHz 


High Speed Sample-Hold Circuits 
Beles ciate P With 200V/us slew rate and 70ns settling time, these devices 


e Pulse and Video Amplifiers make ideal output amplifiers for accurate, high speed D/A 
e Wideband Amplifiers converters or the main components in high speed sample/ 
hold circuits. The 5190/5195 are also ideally suited for a 

A A variety of pulse and wideband video amplifiers. Please refer 
Order ing Information to Application Notes 525 and 526 for some of these 


TEMPERATURE application designs. 
PART NUMBER RANGE 


rraz-si902 | ss" wo 126°C | 12PinGan 


At temperatures above +75°C a heat sink is required for the 
HA-5190 (see Note 2 and Application Note 556). For military 
versions, please request the HA-5190/883 data sheet. 


Pinouts 
HA-5190/5195 HA-5195 HA-5190/5195 
(CDIP) (SOIC) (TO-8 METAL CAN) 
TOP VIEW TOP VIEW TOP VIEW 
4N 
NC 
NC 
NC 
NC 
V+ 
OUT 
Case Tied To V- 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 291 4.1 
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Specifications HA-5190, HA-5195 


Absolute Maximum Ratings Operating Conditions 

Voltage Between V+ and V- ... 0... eee eee ee eee eee 35V Operating Temperature Ranges 

Differential Ii VONSO Stoo oc ask sen ane an eensc en eeease 6V gti a SE CORES SSE ee ler eee rae -55°C < Ty S$ +125°C 
OutpbRorrent 2455.5. SVT. i. Wi . oc A 50mA (Peak) BAS1OG6 .. Jo. cea s oe eee AS 0°C < Ty $ +75°C 
Junction Temperature (Note 1)................ 000s +175°C BL a ZCINIECISIGICICICIUE SCE IDICIOIMOIAD IER ir -40°C < Ty s +85°C 
Junction Temperature (Plastic Packages)............... +150°C Storage Temperature Range............... -65°C < Ty s +150°C 
Lead Temperature (Soldering 10 Sec.)............2000- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppiy = +15V, R, = 2009, Unless Otherwise Specified 


ee ce 
oe bore asf ae 


INPUT CHARACTERISTICS 


Oe 
i ee 

ee ee a ee 
veniam | ew eS 
Bias Current ee 


+25°C 
Full 

+25°C 

+25°C 


Offset Current 


Input Resistance 

Input Capacitance 

Common Mode Range 

Input Noise Current (f = 1kHz, Rg = 02) 
Input Noise Voltage (f = 1kHz, Rg = 09) 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 2) 


ABP p 


+25°C 
+25°C 


H 
o 


3 
< 
a 
N 


+25°C 


< 


Full 
+25°C 
+25°C 


Common Mode Rejection Ratio (Note 3) 74 
Minimum Stable Gain 
Gain-Bandwidth-Product (Note 4) 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 2) 


Output Current (Note 2) 


> 


H- 
ale 


+25°C 
+25°C 
+25°C 


3 
Output Resistance 

Full Power Bandwidth (Notes 2, 5) 
TRANSIENT RESPONSE (Note 6) 


Rise Time 


o|® 


+25°C 
+25°C 


io) 


w” 
219 
213 
Bs) 
ald 
3 |S 


+25°C V/s 
Settling Time (Note 6) 
5V Step to 0.1% +25°C 
5V Step to 0.01% +25°C 


+25°C 
+25°C 


2.5V Step to 0.1% 
2.5V Step to 0.01% 


~ — 
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Specifications HA-5190, HA-5195 


Electrical Specifications Vsyppiy = +15V, R, = 200Q, Unless Otherwise Specified (Continued) 


ee oe | 
Cope a Oe Sree ae 


POWER SUPPLY CHARACTERISTICS 


ee a lL 
Power Supp Rejection Ratio weio7) [ral 70 [oo [= [mo [oo [= fe 


NOTES: 


1. Recommended heat sinks: For TO-8 Metal Can, Thermalloy #2240A (Os, = 27°C/W) or #2268B (8s, = 24°C/W). For 14 lead Ceramic 
DIP: AAVID #5602B (8s, = 16°C/W). See Die Characteristics section for 8),/8j¢ values. 


. Ry = 2009, C, < 10pF, Voyz = +5V. 

. AVoy = t5V. 

. Vout = 90mV, Ay = 10. Siow Rate 
. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = Perens 
. Refer to Test Circuits section of the data sheet. PEAK 
. AVsuppry = t+10VDC to +20VDC. 


NO ff W NY 


Schematic Diagram 
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HA-5190, HA-5195 


Die Characteristics 


Twensigtot Count 6. Sis.) eT Gk gies. bees ce 49 Thermal Constants (°C/W) Osa Bic 
Die Dimensions............ 0.087 x 0.052 x 0.019 inches COreanie ON rei aicc ss dsc ca 71 14 
(2210 x 1320 x 483 mm) Metal CON cess s Chan nue 63 30 
Substrate Potential (Powered Up)* .................. \- OIG. a herr etn yous kas 119 36 
Nice i. fio kes High Frequency Bipolar Dielectric sera * The substrate may be left floating (Insulating Die Mount) or it may 
OR An aah 6 ae et Pei be mounted on a conductor at V- potential. 

Test Circuits 

Ay =5 

*C, < 10pF 

FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT* 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 


Vertical Scale: (Volts: A = 2.0V/Div., B = 4.0/Div.) 
Horizontal Scale: (Time: 100ns/Div.) 


B +5V 
Vout 90% 
10% 
-5V 
A +1 Vv 
Vin 
-1V 


PROBE 


: MONITOR 


SETTLE . 
POINT 


Vertical Scale: (Volts: A = 50mV/Div., B = 100mV/Div.) 
Horizontal Scale: (Time: 100ns/Div.) 


fore ie ee 
et Ba es ed Uae ld. ak De Bee 


Ay = 5 
Load Capacitance should be less than 10pF. 


It is recommended that resistors be carbon composition and that 
feedback and summing network ratios be matched to 0.1%. 


Settle Point (Summing Node) capacitance should be less than 
10pF. For optimum settling time results, it is recommended that 
the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with S-3A sampling heads 
is recommended as a Settle point monitor. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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HA-5190, HA-5195 


Typical Performance Curves \+ = +15V, V- = -15\, T, = +25°C, Unless Otherwise Specified. 


INPUT BIAS CURRENT (1A) 
OFFSET VOLTAGE (mV) 


0 
-80 -40 0 +40 +480 +120 +160 
TEMPERATURE (°C) 
FIGURE 3. INPUT OFFSET VOLTAGE AND BIAS CURRENT vs 
TEMPERATURE 
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OUTPUT VOLTAGE SWING (Vp-p) 


100K ba 100M 


FREQUENCY a 
FIGURE 5. OUTPUT VOLTAGE SWING vs FREQUENCY 


4 
1K 10K 


NORMALIZED VALUE REFERRED TO 
LOAD CAPACITANCE EQUAL TO 10pF 


LOAD CAPACITANCE (pF) 


FIGURE 7. NORMALIZED AC PARAMETERS vs LOAD 
CAPACITANCE 
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FIGURE 4. OPEN LOOP FREQUENCY RESPONSE 
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BANDWIDTH 
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NORMALIZED PARAMETERS 
REFERRED TO VALUES AT +25°C 


TEMPERATURE (°C) 
FIGURE 6. NORMALIZED AC PARAMETERS vs TEMPERATURE 
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INPUT NOISE VOLTAGE (nV/VHz) 
INPUT NOISE CURRENT (pA/VHz) 
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FREQUENCY (Hz) 
FIGURE 8. INPUT NOISE VOLTAGE AND NOISE CURRENT vs 
FREQUENCY 
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HA-5190, HA-5195 


Typical Performance Curves v+ = +15v, V- = -15V, T, = +25°C, Unless Otherwise Specified. (Continued) 


OUTPUT VOLTAGE SWING (V) 


FIGURE 9. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 


COMMON MODE REJECTION RATIO (dB) 


FIGURE 11. COMMON MODE REJECTION RATIO vs FREQUENCY FIGURE 12. POWER SUPPLY REJECTION RATIO vs FREQUENCY 
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POWER SUPPLY CURRENT (mA) 


OUTPUT VOLTAGE STEP (V) 
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SETTLING TIME (ns) 


FIGURE 10. SETTLING TIME FOR VARIOUS OUTPUT STEP 
VOLTAGES 
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FIGURE 13. POWER SUPPLY CURRENT vs TEMPERATURE 
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HA-5190, HA-5195 


Applying the HA-5190/5195 


—s 


lutely necessary, it is recommended that all power supply point grounding techniques should be applied. 
lines be decoupled with 0.01u.F ceramic capacitors to 


ground. Decoupling capacitors should be located as near 4. OUTPUT SHORT CIRCUIT: HA-5190/5195 does not 
to the amplifier terminals as possible. have output short circuit protection. Short circuits to 
ground can be tolerated for approximately 10 seconds. 
2. STABILITY CONSIDERATIONS: HA-5190/5195 is stable Short circuits to either supply will result in immediate de- 
at gains > 5. Gains < 5 are covered below. Feedback re- struction of the device. 


sistors should be of carbon composition located as near 
to the input terminals as possible. 


on 


. POWER SUPPLY DECOUPLING: Although not abso- used. When ground planes cannot be used, good single 


. HEAVY CAPACITIVE LOADS: When driving heavy ca- 


pacitive loads ( > 100pF) a small resistor ( 100Q) should 


a 


be built on a ground plane. Minimum point to point con- feedback loop. 
nections directly to the amplifier terminals should be 


Typical Applications (Also see Application Notes 525 and 526) 


IN IN 
11pF* == C1 OUT 1kQ* OUT 
2002 2000 
Ri 7500* 1kae 


Vertical Scale: (Volts: 2V/Div.) Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 100ns/Div.) Horizontal Scale: (Time: 100ns/Div.) 


ei oR eS 
| Vbvelakoe TT TT 


* Values were determined experimentally for optimum speed and settling time. R1 and C1 should be optimized 
for each particular application to ensure best overall frequency response. 


FIGURE 14. SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY: NONINVERTING 


Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (50ns/Div.) 


1kQ 


OUT 


FIGURE 15. SUGGESTED COMPENSATION FOR INVERTING UNITY GAIN 


2-580 


WIRING CONSIDERATIONS: Videopulse circuits should be connected in series with the output and inside the 


HA-5190, HA-5195 


Typical Applications (Also see Application Notes 525 and 526) (Continued) 


75Q 


FIGURE 16. VIDEO PULSE AMPLIFIER/75Q COAXIAL DRIVER FIGURE 17. VIDEO PULSE AMPLIFIER COAXIAL LINE DRIVER 
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G@ HARRIS HA-5221, HA-5222 


Low Noise, Wideband 


March 1993 Precision Operational Amplifiers 
Features Description 
e Gain Bandwidth Product.................-. 100MHz The HA-5221/5222 are single and dual high performance 
ss dielectrically isolated, monolithic op amps, featuring preci- 
Unity Gain RANGWicint yo0.. +.) ss se ee =e 2s SoMitz sion DC characteristics while providing excellent AC charac- 
o PUG SINFO. soc cc c elec ceaseectseee ss 35V/us teristics. Designed for audio, video, and other demanding 
applications, noise (3.4nV/VHz at 1kHz), total harmonic dis- 
© LOW OMe WONDOO Si obs eck dcaewesecccen van 0.3mV tortion (< 0.005%), and DC errors are kept to a minimum. 
¢ High Open Loop Gain .........+..+..+eeeees 128dB = The precision performance is shown by low offset voltage 
e Channel Separation at 10kHz................ 110dB (0.3mV), low bias currents (40nA), low offset currents 
; (15nA), and high open loop gain (128dB). The combination 
e Low Noise Voltage at 1kHz.............. 3.4nV/VHz of these excellent DC characteristics with the fast settling 
¢ High Output Current ............-.eeeeeeeee 56mA __ time (0.4ys) make the HA-5221/5222 ideally suited for preci- 
sion signal conditioning. 
e Low Supply Current per Amplifier............. 8mA 
The unique design of the HA-5221/5222 gives them out- 
© « standing AC characteristics not normally associated with 
Applications precision op amps, high unity gain bandwidth (85MHz) and 
* Precision Test Systems high slew rate (35V/us). Other key specifications include 
high CMRR (95dB) and high PSRR (100dB). The combina- 
° Active Filtering tion of these specifications will allow the HA-5221/5222 to be 
¢ Small Signal Video used in RF signal conditioning as well as video amplifiers. 


packaging, consult the HA-5221/5222/883C data sheet. 
¢ RF Signal Conditioning 


Pinouts (See Ordering Information on Next Page) 


HA-5221 (PDIP, CDIP, SOIC) HA-5221 (TO-99 METAL CAN) 
TOP VIEW TOP VIEW 


-BAL +BAL 
4N V+ 
+N OUT 
V- NC 
HA-5222 (PDIP, 300 mil SOIC) HA-5222 (CDIP) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 291 5.1 
Copyright © Harris Corporation 1993 2.582 


HA-5221, HA-5222 
Ordering Information 


emma [caer 
PART NUMBER RANGE 

HA3-5221-5 8 Lead Plastic DIP 
[RAGPS@e-5 | _O°ws75% [eleadSOC 


PART NUMBER RANGE 
HAT 5202-9 


0°C to +75°C 16 Lead Wide Body 
SOIC 

HA9P5222-9 -40°C to +85°C 16 Lead Wide Body 
SOIC 
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Specifications HA-5221, HA-5222 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage Between V+ and V- Terminals............+.. 35V Operating Temperature Range 

Differential Input Voltage (Note 14)... 6.2... cece eee ee eee 5V HA-5221/6222-0 3.6 cV Vea VEC EE Ls otis -40°C < Ty, < +85°C 
Output Current Short Circuit Duration ..........0..00- indefinite HASO2 HSE Z2-5 ojo eos UES 5 coe wale ave 0°C < Ty s +75°C 
SENVCULEL TMT UOIEUMD . os carts «9)0 18508 6 bE os 0s oe a +175°C Storage Temperature Range..............- -65°C < Ty S$ +150°C 
Junction Temperature (Plastic Package) ...........-006- +150°C 

Lead Temperature (Soldering 10 Sec.)...........-0000- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 15v, V- = -15V, Unless Otherwise Specified 


_ HA-5221-9 & HA-5222-9 HA-5221-5 & HA-5222-5 
PARAMETER TEMP TYP 


INPUT CHARACTERISTICS 


Input Offset Voltage 
fe 
ae 
Input Bias Current 

ce 


3 


oO 
on 


¥ i 


S 
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uo 


3 
a i = < 


Average Offset Voltage Drift 


Ss 
SN 
oO 


pe 
Input Offset Voltage Match 
cee 


Common Mode Range +12 
Differential Input Resistance 


Input Noise Voltage 
fo = 0.1Hz to 10Hz 
Input Noise Voltage 
fo = 10Hz 
Density (Note 2, 15) 
+2 


Input Noise Current 
Density (Note 2, 15) 


THD+N (Note 3) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 4) 
Common Mode Rejection Ratio Full 
(Note 5) 


Unity Gain Bandwidth (-3dB) +25°C 


Input Offset Current 
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Specifications HA-5221, HA-5222 


Electrical Specifications V+ = 15v, V- = -15V, Unless Otherwise Specified (Continued) 


HA-5221-9 & HA-5222-9 HA-5221-5 & HA-5222-5 


PARAMETER 


Gain Bandwidth Product 
(1kHz to 400kHz) 


Minimum Stable Gain 
OUTPUT CHARACTERISTICS 
Output Voltage Swing 

R, = 333Q 


+10 
Ry = 1kQ +25°C +12.5 
30 


+25°C 


+10 
+12 12.5 
+11.5 +12.1 
+30 


t+ 
fe 


Ry = 1k +12.1 


TRANSIENT RESPONSE (Note 13) 


Slew Rate (Note 9, 15) ea 
Rise Time (Note 10, 15) P Fuh 
Overshoot (Note 10, 15) © 


Settling Time (Note 11) 
0.1% +25°C 


POWER SUPPLY 


PSRR (Note 12) 
Supply Current 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 


. Refer to typical performance curve in data sheet. 

- Aver = 10, fo = 1kHZ, Vo = 5Vrms, R, = 6002, 10Hz to 100kHz, Minimum resolution of test equipment is 0.005%. 
Vout = 0 to +10V, Ry = 1K, C, = 50pF. 

- Vow = +10V. 

NOU TNs ie Slew Rate 

. Full Power Bandwidth is calculated by: FPBW = ry cae, V Peak = 10V 
. HA-5222 only, fo = 10kHz, Ry = 1K, C, = SOpF. Peak 

- Vout = +2.5V, R, = 1K, C, = 50pF. 

- Vout = +100mV, Ry, = 1K, C, = 50pF. 

. Settling time is specified for a 10V step and Ay = -1. 

. Vg = t10V to +20V. 

. See Test Circuits. 

. Input is protected by back-to-back zener diodes. See applications section. 

. Guaranteed by characterization. 
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HA-5221, HA-5222 


Schematic Diagram 
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HA-5221, HA-5222 


Die Characteristics 


Transistor Count Thermal Constants (°C/W) Biya Bic 
OPO rs be ba lc dow it eR deetbeshs ce se 64 HA2-5221 (Can) .........00e00 0. 111 35 
PGES sch b he ckcs Soh ee Pee ee 128 HA7-5221 (Ceramic DIP) ......... 114 34 

Die Dimensions HA7-5222 (Ceramic DIP) ......... 112 32 
PIA ks chit sick hh a hd de a 94 x 72 x 19mils HA3-5221 (Plastic DIP)........... 92 30 

(2400 x 1840 x 480m) HAGPS227T (SOIC). 5 es ar is 157 42 
HA-Gagoi ffi a ere 185 x 78 x 19mils Sabato: (RigsHe ENP): fer oraye 5 = 
(4690 x 1980x 480um) , 9P5222 (SOIC)...... teenies 95 26 

The substrate may be left floating (Insulating Die Mount) or it may 

Substrate Potential. |. scacgedc. e204. bibs a ee \- be on a conductor at V- potential. 

eit, - nee Mee ae Ge Ses ae High Frequency, Bipolar, DI 

Pasaation? fies ee eee ee: Silox 


Test Circuits 
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FIGURE 2. LARGE SIGNAL RESPONSE FIGURE 3. SMALL SIGNAL RESPONSE 
Vout = +2.5V Vout = +100mV 
Vertical Scale: 2V/div., Horizontal Scale: 200ns/div. Vertical Scale: 100mV/div., Horizontal Scale: 200ns/div. 


e AV=-1 


e Feedback and summing resistors must 
be matched (0.1%). 


HP5082-2810 clipping diodes recom- 
mended. 


Tektronix P6201 FET probe used at 
settling point. 


FIGURE 4. SETTLING TIME TEST CIRCUIT 
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HA-5221, HA-5222 


Typical Performance Curves vg = +15V, T, = +25°C 
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FIGURE 5. OPEN LOOP GAIN AND PHASE vs FREQUENCY 
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FIGURE 7. CLOSED LOOP GAIN vs FREQUENCY 
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FIGURE 9. CMRR vs FREQUENCY 
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FIGURE 6. CLOSED LOOP GAIN vs FREQUENCY 
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FIGURE 8. VARIOUS CLOSED LOOP GAINS vs FREQUENCY 
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FIGURE 10. PSRR vs FREQUENCY 
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HA-5221, HA-5222 


Typical Performance Curves v, = +15V, T, = +25°C (Continued) 
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FIGURE 11. OPEN LOOP GAIN vs TEMPERATURE 
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FIGURE 13. BIAS CURRENT vs TEMPERATURE 
4 Representative Units 
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FIGURE 15. SLEW RATE vs TEMPERATURE 
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FIGURE 12. OFFSET VOLTAGE vs TEMPERATURE 
4 Representative Units 
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FIGURE 14. OUTPUT VOLTAGE SWING vs TEMPERATURE 
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FIGURE 16. OFFSET VOLTAGE WARM-UP DRIFT 
Ceramic DIP Packages 
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HA-5221, HA-5222 


Typical Performance Curves vg = +15V, T, = +25°C (Continued) 
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FIGURE 17. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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FIGURE 19. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE 
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FIGURE 21. OFFSET CURRENT vs TEMPERATURE 
4 Representative Units 
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FIGURE 18. SLEW RATE vs SUPPLY VOLTAGE 
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FIGURE 20. NOISE CHARACTERISTICS 
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FIGURE 22. CMRR AND PSRR vs TEMPERATURE 
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HA-5221, HA-5222 


Typical Performance Curves Vg = +15V, T, = +25°C (Continued) 
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FIGURE 26. 0.1Hz TO 1MHz 
Vertical Scale: 10mV/div Horizontal Scale: 1 S/div 
Ay = +25,000 (Ey = 1.5Vp.p ATI) 
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HA-5221, HA-5222 


Typical Performance Curves Vs = +15V, Ts = +25°C (Continued) 
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FIGURE 29. SUPPLY CURRENT/AMPLIFIER vs TEMPERATURE 


ee | 
FE Be es oo 
errr tii toe 
Pee et a ey 
BGG, RE i AR Le Be 8 Ba SE 


10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


FIGURE 30. CHANNEL SEPARATION vs FREQUENCY 
(HA-5222 only) 


CHANNEL SEPARATION (dB) 


coo 


-120 


Applications Information 
Operation at Various Supply Voltages 


The HA-5221/5222 operates over a wide range of supply 
voltages with little variation in performance. The supplies 
may be varied from +5 volts to +15 volts. See typical perfor- 
mance curves for variations in supply current, slew rate and 
output voltage swing. 


Offset Adjustment 


The following diagram shows the offset voltage adjustment 
configuration for the HA-5221. By moving the potentiometer 
wiper towards pin 8 (+BAL), the op amps output voltage will 
increase; towards pin 1 (-BAL) decreases the output voltage. 
A 20kQ trim pot will allow an offset voltage adjustment of 
about 10mV. 


9+15V 


Y basy 


Capacitive Loading Considerations 


When driving capacitive loads >80pF, a small resistor, 50 to 
1009, should be connected in series with the output and 
inside the feedback loop. 


Saturation Recovery 


When an op amp is over driven, output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input, output saturation can be avoided. If output saturation 
can not be avoided, the maximum recovery time when over- 
driven into the positive rail is 10.6ys. When driven into the 
negative rail the maximum recovery time is 3.8ps. 


Input Protection 


The HA-5221/5222 has built in back-to-back protection 
diodes which limit the maximum allowable differential input 
voltage to approximately 5 volts. If the HA-5221/5222 will be 
used in circuits where the maximum differential voltage may 
be exceeded, then current limiting resistors must be used. 
The input current should be limited to a maximum of 10mA. 


Vout 


PC Board Layout Guidelines 


When designing with the HA-5221 or the HA-5222, good 
high frequency (RF) techniques should be used when build- 
ing a PC. board. Use of ground plane is recommended. 
Power supply decoupling is very important. A 0.01pf to 
0.1pF high quality ceramic capacitor at each power supply 
pin with a 2.2uF to 10uF tantalum close by will provide excel- 
lent decoupling. Chip capacitors produce the best results 
due to ease of placement next to the op amp and basically 
no lead inductance. If leaded capacitors are used, the leads 
should be kept as short as possible to minimize lead induc- 
tance. 
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SEMICONDUCTOR 


HA5232, HA5234 


PRELIMINARY Precision Dual and Quad 
March 1993 Operational Amplifiers 
Features Description 
e Low Offset Voltage. ............cceeees 200uV (Max) The HA5232 and HA5234 are dual and quad precision 
© Low Offset Drift ...........ccseeseeeeee eee 2avre: -DPCnnRUt: op: AMPs... Mey 2 hee RNAS 2 Hae it 
multichannel data acquisition systems where moderate to 
¢ Low Supply Current............+++-+ <0.7mMA/AMP high level of accuracy is required. This relatively high level of 


¢ High Gain, CMRR and PSRR 


Applications 


e Audio Amplifiers 

e Low Impedance Sensors 

¢ Universal Active Filters 

e Process Control Equipment 


ol 

Ordering Information Applications will be in process control and environment 3 

monitoring where many low impedance sensors such as ° = 

iat ae Th bode thermocouples, thermistors, strain gauges, and pressure % I 

NUMBER RANGE transducers are used to assess the state of the system. iS 

Other systems with similar requirements include mainframe a< 
computers, aircraft, and semiconductor fab and test 

-40° 


HA52321B Cto+85°C | 16 Lead Wide Body SOIC 
HA5232Al,J 8 Lead Ceramic DIP 


-40° 
40°C 1 685°C 


HA5234AIB -40°C to +85°C | 16 Lead Wide Body SOIC 


accuracy is maintained across temperature with an Average 
Offset Drift of 2uV/°C for the “A” grade product. 


The HA5232 and HA5234 were designed to offer a solution/ 
enhancement over lower performance devices like the 
HA-4741 and CA324. These products will allow the designer 
to achieve a relatively high level of precision in his 
transducer preamp without concern for offset trimming. 
These devices are pin and performance compatible with the 
OP200, OP400, LT1013 and LT1014 operational amplifiers. 


equipment. 


The HA5232 and HA5234 are available in industrial 
temperature ranges, and a choice of packages. For SOIC in 
tape and reel please add suffix “96” to the end of the part 
number. 


Pinouts 
HA5234 (PDIP) 
HA5232 (PDIP, CDIP) HA5232 (300 MIL SOIC) HA5234 (CDIP) HA5234 (300 MIL SOIC) 
TOP VIEW TOP VIEW TOP VIEW TOP VIEW 


NOTE: The functional pinouts will comply to the JEDEC standards for dual and quad op amps as shown above 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 2-593 


File Number 2851.1 


Specifications HA5232, HA5234 


Absolute Maximum Ratings Operating Temperature Ranges 

Voltage Between V+ and V- ... 2... ee eee eee cee teens SOV: > PiURBerel MAS2 OA eck ix sec 0d oe aus -40°C < TA < +85°C 
IU Voneners .5425c8 5 Sth aes iia ioes we. ok eek Vsuppry Storage Temperature Range.............. -65°C < TA < +150°C 
rmereritial INDUL MONAQO ci scares csc ceescsivese Vsuppiy 

CHOUUN-GINMOORS S55F Goa 3sk Poa... Short Circuit Protected 

Junction Temperature (Plastic). ..............22eeeeee +150°C 

Junction Temperature (Hermetic). ..............eeeeee +175°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppiy = +15V, Ry, = 100kQ, C, = 20pF, Unless Otherwise Specified 


[HASaIRA, HAszOIA [| _Haszea, HASION 
Ores votage ae 


Average Offset Drift | Full | 
input Bias Curent Zoe Ree 


Input Offset Current 


= 
< 


725 


: = 
< 


pV/°C 


Common Mode Range 
CMRR (Note 1) 


+ 
nN 
on 
° 
.?) 


Input Capacitance +25°C 
Input Noise Voltage 0.1Hz - 10Hz +25°C 

fo = 1kHz +25°C 
Input Noise Current 0.1Hz - 10Hz +25°C 


fo = 1kHz +25°C 
Large Signal Gain (Note 2) +25°C 
Unity Gain Bandwidth 
Minimum Stable Gain 
Output Swing (Note 2) 
Short Circuit Current 
Slew Rate (Note 3) 
PSRR (Note 4) 
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NOTES: 
1. Voy =+12V 
2. Ry = 2K 
3. Ry = 2K, C, = 100pF, Voyy = t10V, Ay = +1 
4. IVgl = 3V to 18V 
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HA5232, HA5234 


Schematic 
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HA5232 


Die Characteristics 


DIE DIMENSIONS: 
87 x 105 x 21 + 1mils 


METALLIZATION: 
Type: Al 
Thickness: 19kA + 4kA 
GLASSIVATION: 
Type: Silox (SiOz) 
Thickness: 13.5kA + 2kA 
DIE ATTACH: 
Material: Silver Epoxy - Plastic DIP and SOIC 
Glass - Ceramic DIP 


Metallization Mask Layout 


HA5232 


OUT1 
OUT2 
-IN1 
+IN1 -IN2 
+IN2 
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HA5234 


Material: Silver Epoxy - Plastic DIP and SOIC 
Glass - Ceramic DIP 


e: 
ickness: 19kA 4kA 


GLASSIVATION: 
2 
ickness: 13.5kA a 2kA 


DIE ATTACH: 
Metallization Mask Layout 


Die Characteristics 
114 x 157 x 21 + Imils 
METALLIZATION: 


DIE DIMENSIONS: 
Type: Silox (SiO.) 


HA5234 


OUT4 


OUT1 


OUT3 


OUT2 
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oer HFA-00071 


Ultra High Slew Rate 
March 1993 Operational Amplifier 
Features Description 
e Unity Gain Bandwidth ...............200e0. 350MHz The HFA-0001 is an all bipolar op amp featuring high slew 


rate (1000V/us), and high unity gain bandwidth (350MHz). 
be OND Sirs + nv es + Fo cn a sees ceil These features combined with fast settling time (25ns) make 
AA PROUD ss 6 kn ey ok oes obec eee 1000V/us this product very useful in high speed data acquisition 
systems as well as RF, video, and pulse amplifier designs. 


¢ High Output Drive ............. 20... eee eee. +50MA Other outstanding characteristics include low bias currents 

¢ Monolithic Construction (151A), low offset current (181A), and low offset voltage 
(6mV). 

Ap P lications The HFA-0001 offers high performance at low cost. It can 

e RF/IF Processors replace hybrids and RF transistor amplifiers, simplifying 


designs while providing increased reliability due to 


¢ Video Amplifiers monolithic construction. To enhance the ease of design, the 


¢ High Speed Cable Drivers HFA-0001 has a 50Q +20% resistor connected from the 
output of the op amp to a separate pin. This can be used 

¢ Pulse Amplifiers when driving 50Q strip line, microstrip, or coax cable. 

¢ High Speed Communications For MIL-STD-883 compliant product consult the HFA-0001/ 


¢ Fast Data Acquisition Systems 883 datasheet. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


HFA1-0001-5 0°C to +75°C | 14Lead Ceramic Sidebraze DIP 


Pinouts 
HFA-0001 HFA-0001 HFA-0001 
(PDIP) (CDIP) (300 MIL SOIC) 
TOP VIEW TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 291 6 1 
Copyright © Harris Corporation 1993 9-598 


Specifications HFA-0001 


Absolute Maximum Ratings (Note 1) 


Supply Voltage (Between V+ and V- Terminals)............. 12V 
Differential Input Voltage. ......... ccc eee eee ccc e teens 5V 
BYNES 6 a oie 51s s pnp phe 1s ovens Nace dint <)s oeaees t4V 
a la elie ges ania 60mA 
Junction Temperature (Note 9).......... 2. cece eee eee +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


Operating Conditions 
Operating Temperature Range 
PPIOO 1 ok Circa eee eae tava ba eee -40°C < Ty < +85°C 
PRA Q00IS 50k on ccs csv n et 5 ememehn en 0°C < Ty s +75°C 
Storage Temperature Range.............++. -65°C < Ty s +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +5V, V- = -5V, Unless Otherwise Specified 


oe eo ee Oe Se 


Bi Ge Eee ae 
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INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current +25°C 


+25°C 
Full 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


Offset Current 


Common Mode Range 


Differential Input Resistance 


Input Capacitance 

0.1Hz to 10Hz 
10Hz to 1MHz 
fo = 10Hz 

fo = 100Hz 

fo = 100kHz 
fo = 10Hz 

fo = 100Hz 

fo = 1000Hz 
TRANSFER CHARACTERISTICS 


Input Noise Voltage 


Input Noise Voltage 


Input Noise Current 


Common Mode Rejection Ratio (Note 3) 


Unity Gain Bandwidth 


Minimum Stable Gain 


4.5 
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OPERATIONAL 
AMPLIFIERS 


Specifications HFA-0001 


Electrical Specifications V+ = +5vV, V- = -5V, Unless Otherwise Specified (Continued) 


R, = 1002 
0.1% 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio (Note 8) 


NOTES: 


1. 


CONAN WND 


Absolute Maximum Ratings are limiting values applied individually beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily implied. 


" Vout = 0 to +2V, R, = 1kQ. 


. AVoy = £2V. 
Ry = 1000. SlewRate 

. Full Power Bandwidth is calculated by equation: FPBW = ae a VpeAk = 3.0V. 
Vout = +200mvV, Ay = +1. PEAK 


. Vout = t3V, Ay = +1. 
* AVs = +4V to t+6V. 
. See Thermal Constants in ‘Applications Information’ text. Maximum power dissipation, including output load, must be designed to 


maintain the junction temperature below +175°C for hermetic packages, and below +150°C for plastic packages. 


dN 


Schematic Diagram Die Characteristics 
V+ Thermal Constants (°C/W) Oia Bic 
43 @ HFA1-0001-5/-9 75 13 
@ HFA3-0001-5 98 36 
) seem HFA9P-0001-5/-9 96 27 
* Th 
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HFA-0001 


Test Circuits 


Vin 


FIGURE 1. LARGE SIGNAL RESPONSE TEST CIRCUIT FIGURE 2. SMALL SIGNAL RESPONSE TEST CIRCUIT 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vout = OV to 3V Vout = OmV to 200mV 
Vertical Scale: 1V/Div. Vertical Scale: 100mV/Div. 
Horizontal Scale: 2ns/Div. Horizontal Scale: 2ns/Div. 


VIN 


OPERATIONAL 
AMPLIFIERS 


Vout [= 


NOTE: Initial Step In Output Is Due To Fixture Feedthrough 


PROPAGATION DELAY 
Vertical Scale: 500mV/Div. 
Horizontal Scale: 2ns/Div. 
Ay = +1, Ry = 100Q, Vout =O0Vto 3V 


GUAR SY Oe ee ene NOTE: Test Fixture Delay of 450ps is Included 
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HFA-0001 


Typical Performance Curves Vs = +5V, T, = +25°C, Unless Otherwise Specified 
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FIGURE 4. OPEN LOOP GAIN AND PHASE vs FREQUENCY 
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FIGURE 6. CLOSED LOOP GAIN vs FREQUENCY 


Ay = +1, Ry = 1000 
Vout = OmV to 200mV 


500 


RISE TIME (ps) 
& 
3 


TEMPERATURE (°C) 
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FIGURE 5. CLOSED LOOP GAIN vs FREQUENCY 
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FIGURE 7. CLOSED LOOP GAIN vs FREQUENCY 
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FIGURE 9. CMRR vs FREQUENCY 


HFA-0001 


Tvpical Performance Curves V- = +5V, Ts = +25°C, Unless Otherwise Specified (Continued) 
+S) A 
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___ BIAS CURRENT (uA) 
OFFSET CURRENT (A) 


-20 -25 
60 -40 60 80 100 120 60 -40 -20 0 20 40 60 80 100 120 
a uae (°C) TEMPERATURE (°C) 
FIGURE 12. BIAS CURRENT vs TEMPERATURE FIGURE 13. OFFSET CURRENT vs TEMPERATURE 
(3 REPRESENTATIVE UNITS) (3 REPRESENTATIVE UNITS) 
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FIGURE 14. OPEN LOOP GAIN vs TEMPERATURE FIGURE 15. OUTPUT VOLTAGE SWING vs TEMPERATURE 
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HFA-0001 


Typical Performance Curves Vg = +5V, Ts = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 16. SLEW RATE vs TEMPERATURE 
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FIGURE 18. PSRR vs TEMPERATURE 
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FIGURE 20. SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 17. CMRR vs TEMPERATURE 
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FIGURE 19. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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FIGURE 21. MAXIMUM OUTPUT VOLTAGE SWING vs FREQUENCY 
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HFA-0001 


Typical Performance Curves Vs = +5V, Ta = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 22. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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FIGURE 24. INPUT NOISE vs FREQUENCY 
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FIGURE 26. INPUT VOLTAGE NOISE 0.1Hz to 10Hz 
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Noise Voltage = 10.12uVp.p 
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FIGURE 23. OPEN LOOP GAIN vs LOAD RESISTANCE 
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FIGURE 27. INPUT NOISE VOLTAGE 10Hz to 1MHz 


Ay = 50, Noise Voltage = 5.36.Vrms (RTI) 


Noise Voltage = 29.88uVp.p 


z) 


NOISE CURRENT (pA/ 


OPERATIONAL 
AMPLIFIERS 


HFA-0001 


Applications Information 
Offset Adjustment 


When applications require the offset voltage to be as low as 
possible, the figure below shows two possible schemes for 
adjusting offset voltage. 


For a voltage follower application, use the circuit in Figure 29 
without Rp and with R,; shorted. R, should be 1MQ to 10MQ 
The adjustment resistors will cause only a very small gain 
error. 


Vout 


Adjustment Range = +V (=| 
1 


FIGURE 28. INVERTING GAIN 


Vout 


Adjustment Range = +V (a | Gain = 1+ | ——_—— 
R, Ry + Ro 


FIGURE 29. NON-INVERTING GAIN 
PC Board Layout Guidelines 


When designing with the HFA-0001, good high frequency 
(RF) techniques should be used when making a PC board. A 
massive ground plane should be used to maintain a low 
impedance ground. Proper shielding and use of short 
interconnection leads are also very important. 


To achieve maximum high frequency performance, the use 
of low impedance transmission lines with impedance 
matching is recommended: 50Q lines are common in 
communications and 75Q lines in video systems. Impedance 
matching is important to minimize reflected energy therefore 
minimizing transmitted signal distortion. This is accom- 
plished by using a series matching resistor (50Q or 75), 
matched transmission line (50Q or 75Q), and a matched 
terminating resistor, as shown in Figure 30. Note that there 
will be a 6dB loss from input to output. The HFA-0001 has an 


integral 50Q +20% resistor connected to the op amps output 
with the other end of the resistor pinned out. This 50Q resis- 
tor can be used as the series resistor instead of an external 
resistor. 
Vin 


50Q COAX CABLE Vout 


§0Q 


FIGURE 30. 


PC board traces can be made to look like a 50Q or 75Q 
transmission line, called microstrip. Microstrip is a PC board 
trace with a ground plane directly beneath, on the opposite 
side of the board, as shown in Figure 31. 


inne 4 


wo be 
1 


SIGNAL 
TRACE 


LLLLLLL. 


GROUND DIELECTRIC 
PLANE (PC BOARD) 


FIGURE 31. 


When manufacturing pe boards, the trace width can be 
calculated based on a number of variables. The following 
equation is reasonably accurate for calculating the proper 
trace width for a 50Q transmission line. 


87 5.98h 
—————— In 
fEx+ta1 ~—-O.8w+t 


Power supply decoupling is essential for high frequency op 
amps. A 0.01pF high quality ceramic capacitor at each 
supply pin in parallel with a 1pF tantalum capacitor will 
provide excellent decoupling as shown in Figure 32. 


V+ 


V- 
FIGURE 32. POWER SUPPLY DECOUPLING 
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HFA-0001 


V- 
FIGURE 33. IMPROVED DECOUPLING/CURRENT LIMITING 


Chip capacitors produce the best results due to ease of 
placement next to the op amp and they have negligible lead 
inductance. If leaded capacitors are used, the leads should 
be kept as short as possible to minimize lead inductance. 
Figures 32 and 33 illustrate two different decoupling 
schemes. Figure 33 improves the PSRR because the 
resistor and capacitors create low pass filters. Note that the 
supply current will create a voltage drop across the resistor. 


Saturation Recovery 


When an op amp is over driven output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input to safe levels, output saturation can be avoided. If out- 
put saturation cannot be avoided, the recovery time from 
25% over-drive is 20ns and 30ns from 50% over-drive. 


Thermal Management 


The HFA-0001 can sink and source a large amount of 
current making it very useful in many applications. Care 
must be taken not to exceed the power handling capability of 
the part to insure proper performance and maintain high 
reliability. The following graph shows the maximum power 
handling capability of the HFA-0001 without exceeding the 
maximum allowable junction temperature of +175°C. The 
curves also show the improved power handling capability 
when heatsinks are used based on AVVID heatsink #5801B 
for the 8 lead Plastic DIP and IERC heatsink #PEP50AB for 
the 14 lead Sidebraze DIP. These curves are based on 
natural convection. Forced air will greatly improve the power 
dissipation capabilities of a heatsink. 
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BA 
aes 
= 


POWER DISSIPATION (W) 
im 


0.6 + A: 8 LEAD PLASTIC DIP WITH pa a 
0,4 | B: 14 LEAD SIDEBRAZE DIP WITH HEATSINK 
C: 8 LEAD PLASTIC DIP ONLY 
0.2 p: 14 LEAD SIDEBRAZE DIP ONLY 


0 
20 40 60 80 100 120 
AMBIENT TEMPERATURE (°C) 
FIGURE 34. 
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OPERATIONAL 
AMPLIFIERS 


ee HFA-0002 


Low Noise Wideband 
March 1993 Operational Amplifier 
Features Description 
e¢ Wide Gain Bandwidth Product............... 1GHz The HFA-0002 is a very wideband, high slew rate, op amp, 


featuring precision DC characteristics. Stable in gains of 10 


® FQN Slow Fate... 1... 0. eee eens sees ees Zs0Viiis or greater this all bipolar op amp offers a combination of AC 

¢ High Open Loop Gain ................2- 105V/mV__ and DC performance never seen before in monolithic form. 

© LOW Oleet VONAOR. pac ccc erect cncnscuctee 0.6mV_ The high gain bandwidth product (1GHz) and high slew rate 
(250V/us) make this op amp ideal for use in video and RF 

* Low Power Consumption .................. 143mW Circuits. The low offset voltage (0.6mV), low bias current 

° Low Input Voltage Noise at 1KHz......... 2.7nV/VHz (0.2314), and low voltage noise (2.7nV/VHz) specifications 


combined with the excellent AC characteristics make this op 


¢ Monolithic Construction amp ideal for high speed data acquisition systems with high 


aa accuracy. 
Ap P lications For MIL-STD-883 compliant product and Ceramic LCC pack- 
e RF/IF Processors age consult the HFA-0002/883 datasheet. 
¢ Video Amplifiers 
* Radar Systems Ordering Information 


e Pulse Amplifiers 


e High Speed Communications 0°C to +75°C 18 Pin CAN 
O+ in 


é on a elt 
¢ Fast Data Acquisition Systems HFA2-0002-9 | -40°C to 485°C 


Pinouts 
HFA-0002 HFA-0002 
(PDIP, CDIP, SOIC) (TO-99 METAL CAN) 
TOP VIEW TOP VIEW 
BALL 18] NC 
-IN Bee > V+ 
+IN [3] '6] OUT 
v- [4 '5] BAL 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 291 yf de 
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Specifications HFA-0002 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage Between V+ and V-Terminals .............. 12V Operating Temperature Range : 

AE OUIEIIT IIDUT MON DIG 5 02a schsesgte see o teierinnetnpenenaiens<ormenens 5V WP O02 Oto ic po hese wee bere eee -40°C < Ty < +85°C 
MPMI IOS ao soc co Seek hc occ c occu htuacbsvece+ssithes +5V poke dts 2 Eee ee eer E ben Lacie pee 0°C < Ty < +75°C 
SS oe RIE SP SRR igi Rep Gi ee +20mA Storage Temperature Range.............-.- -65°C < Ty < 150°C 
Junction Temperature (Note 10)............0e eee e eens +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)...............4. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +5v, V- = -5V, Unless Otherwise Specified 


HFA-0002-5/-9 
PARAMETER remp__[ MN | _1vP | WAX|_UNTSS 
INPUT CHARACTERISTICS 


ares pee Satay Veumns in oc acne c epaiore aol ou 
. m 
Average Offset Voltage Drift pVPC 


Bias Curent 


OFeat Curent 


Ds 
Input Noise Voltage 
0.1Hz to 10Hz 
10Hz to 1MHz 


Input Noise Voltage 
fo = 10Hz +25°C 
2 


1 


o 


LVems 


Rie 


Input Noise Current 
fo = 10Hz +25°C 


fo = 1000Hz 


TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 2, 4) 


= 
S$ 
> 
N 


fee) 
> 


¢ nN] = ¢ - 
NIN fon ont Nh 


nom mo) 
215 
NEN 


Full 


$ 


Minimum Stable Gain 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 4) 
Full Power Bandwidth (Note 5) 
Output Resistance, Open Loop 
Output Current 


[ Large Signal Voltage Gain(Note 2,4) |Full, =| 80 
Common Mode Rejection Ratio (Note 3) anne” * ae eee | ae ee eae 
2 i NN A ees ee ee ee eae 
Gain Bandwidth Product 

eK AAS BARNS SNE DSBNER = er 


¥ 
2 
N 


Full 
+25°C 
+25°C 

Full +10 +12 


+3.5 +3.9 


10.6 


: 
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OPERATIONAL 


AMPLIFIERS 


Specifications HFA-0002 


Electrical Specifications V+ = +5v, V- = -5V, Unless Otherwise Specified (Continued) 


HFA-0002-5/-9 
PARAMETER a SC a 


LAS a eee 

[SiewRate(Note47,9) | =v; CS 
Te ee Se 
oes Le 
Supply Current TSMEE A, JOH Si Scene Reema coma 
[Power Supply Rejection Ratio (Notes) | Ful, ~—S«dY=S OTS 


NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 

. Vout = t3V. 

. AVow = +2V. 

Sis ested sii Slew Rate 

. Full Power Bandwidth is guaranteed by equation: FPBW = CP eee V peak ~ 3.0V. 

. Vout = £100mV, Ay = +10. peak 

» Vout = 8V, Ay = +10. 

. AVgs = t4V to +6V. 

. This parameter is not tested. This limit is guaranteed based on characterization and reflects lot to lot variation. 


. See Thermal Constants in “Applications Information" section. Maximum power dissipation, including output load, must be designed to 
maintain the junction temperature below +175°C for hermetic packages, and below +150°C for plastic packages. 


COOAaN Oa & W ND 


ok 
So 


Simplified Schematic Diagram 


+BAL ¢ 


Die Characteristics 


Thermal Constants (°C/W) Bsa Bic 
fe 0 Sa SRR pierre a he: Seg 117 36 
REM ne ib Sas as sek aah os one 96 34 
Ol 8) SRR] ere gereeaee scrapers %§ 13 
GONG ces rite ore eters 158 43 
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HFA-0002 


Test Circuits 


2 Vout 


20pF 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


0.3V 
ov 


-0.3V 


3V 


ey §) OUT 


-3V 


LARGE SIGNAL RESPONSE 
Input: 0.2V/Div. Output: 2V/Div. 
Horizontal Scale: 20ns/Div. 


10mV ae 
ov @ 


-10mV yas 


100mV | 
ov | 


-100mV 


SMALL SIGNAL RESPONSE 
Input: 10mV/Div. Output: 100mV/Div. 


¢ Ay=-10 


e Feedback and summing resistors must be 


matched (0.1%) 


¢ HP5082-2810 clipping diodes recommended 
¢ Tektronix P6201 FET probe used at settling point 


FIGURE 3. SETTLING TIME SCHEMATIC 
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AMPLIFIERS 


HFA-0002 


Typical Performance Curves vs =+5V, Ts = +25°C, Unless Otherwise Specified 
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HFA-0002 


Typical Performance Curves vz =+5V, T, = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 14. OUTPUT VOLTAGE SWING vs TEMPERATURE 
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GAIN (V/mV) BIAS CURRENT (nA) 


OUTPUT CURRENT (+mA) 
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TEMPERATURE (°C) 
FIGURE 11. BIAS CURRENT vs TEMPERATURE 


HEGRSRE GEESE 
TTT TT TA 
ETT TT A 
RRL SSER LRM EE 


-20 0 20 40 60 80 
TEMPERATURE (°C) 


FIGURE 13. OPEN LOOP GAIN vs TEMPERATURE 
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FIGURE 15. OUTPUT CURRENT vs TEMPERATURE 
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HFA-0002 


Typical Performance Curves \,=+5V, T, = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 16. CMRR vs TEMPERATURE FIGURE 17. PSRR vs TEMPERATURE 
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FIGURE 18. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 19. SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 20. OUTPUT VOLTAGE SWING vs FREQUENCY FIGURE 21. OPEN LOOP GAIN vs LOAD RESISTANCE 


2-614 


HFA-0002 


Typical Performance Curves vg =+5V, T, = +25°C, Unless Otherwise Specified (Continued) 


5 


RISE TIME (ns) 


PEAK OUTPUT VOLTAGE SWING (V) 
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FIGURE 22. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE FIGURE 23. RISE TIME vs TEMPERATURE 
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INPUT NOISE VOLTAGE (nV/VHz) 
INPUT NOISE CURRENT (pA/VHiz) 


INPUT NOISE VOLTAGE (nV/VHz) 
INPUT NOISE CURRENT (pA/VHz) 


FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 24. INPUT NOISE vs FREQUENCY FIGURE 25. INPUT NOISE vs FREQUENCY 


m ROLL 


18.059 _ 3.306n ROLL | 
FIGURE 26. INPUT NOISE VOLTAGE FIGURE 27. INPUT NOISE VOLTAGE 
0.1Hz to 10Hz 10Hz to 1MHz 
Ay = 25,000, Noise Voltage = 3.31NVpys (RTI) Ay = 500, Noise Voltage = 2.02uVays (RTI) 
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HFA-0002 


Applications Information 
Offset Voltage Adjustment 


The HFA-0002, due to its low offset voltage, will typically not 
require any external offset adjustment. If certain applications 
do require lower offset, the following diagram shows one 
possible configuration. 


FIGURE 29. 


The power supply lines must be well decoupled to filter any 
power supply noise. A 20K trim pot will allow an offset 
adjustment of about 3mV, referred to input. 


PC Board Layout Guidelines 


When designing with the HFA-0002, good high frequency 
(RF) techniques should be used when doing pce board 
layouts. A massive ground plane should be used to maintain 
a low impedance ground. PC board traces should be kept as 
short as possible and kept wide to minimize trace inductance 
and impedance. Stray capacitance at the op amps output 
and at the high impedance inputs should be kept to a 
minimum, to prevent any unwanted phase shift and band- 
width limiting. 


When breadboarding remember to keep feedback resistor 
values low (<5kQ) for optimum performance. The use of 
metal film resistors for values over 200Q and carbon film 
resistors under 200Q typically gives the best performance. 
Remember to keep all lead lengths as short as possible to 
minimize lead inductance. 


Sockets will add parasitic capacitance and inductance and 
therefore can limit AC performance as well as reduce 
stability. If sockets must be used, a low profile socket with 
minimum pin to pin capacitance will minimize any perfor- 
mance degradation. 


Power supply decoupling is essential for high frequency op 
amps. A 0.01yF high quality ceramic capacitor at each 
supply pin in parallel with a 1pF tantalum capacitor will pro- 
vide excellent decoupling. Chip capacitors produce the best 
results due to the ease of placement next to the op amp and 
they have negligible lead inductance. If leaded capacitors 
are used, again the lead lengths should be kept to a 
minimum. 


Saturation Recovery 


When an op amp is over driven output devices can saturate 
and sometime take a long time to recover. By clamping the 
input to safe levels, output saturation can be avoided. If 
Output saturation cannot be avoided, the recovery time for an 
input sine wave at 25% overdrive is 100ns. 
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ere tts HFA-0005 


High Slew Rate 
March 1993 Operational Amplifier 
Features Description 
e Unity Gain Bandwidth.................... 300MHz The HFA-0005 is an all bipolar op amp featuring high slew 
A rate (420V/us), and high unity gain bandwidth (800MHz). 
FUE POMC PONGMIEN «<0 +50 cee ss onsset eng comer These features combined with fast settling time (20ns) make 
«-Migh Slow Rateies6665 5 a5 street rie ee 420V/is this product very useful in high speed data acquisition 
systems as well as RF, video, and pulse amplifier designs. 
¢ High Output Drive ...............0.0eceeeuee. +50mA , : é i 


Other outstanding characteristics include low bias currents 
(151A), low offset current (6A), and low offset voltage 
t ; (6mV). These high performance characteristics are achieved 
Applications with only 40mA of supply current. 


e RF/IF Processors The HFA-0005 offers high performance at low cost. It can 
3 replace hybrids and RF transistor amplifiers, simplifying 
Video Amplifiers designs while providing increased reliability due to 


¢ Monolithic Bipolar Construction 


e Radar Systems monolithic construction. To enhance the ease of design, the | Ww 
HFA-0005 has a 50Q +20% resistor connected from the za 
e Pulse Amplifiers output of the op amp to a separate pin. This can be used = 
¢ High Speed Communications when driving 50Q strip line, microstrip, or coax cable. < z 
e Fast Data Acquisition Systems For MIL-STD-883 compliant product consult the HFA-0005/ - 2 
883 datasheet. oO 


Ordering Information 


TEMPERATURE 
NUMBER RANGE 
HFA200055 | 0°0 to 17S 
HFA2-0005-9 | 40°C to 85°O 


HFA3-0005-5 0°C to+75°C | 8 Lead Plastic DIP 


HFAS-00059 
HFAT-0005-5 
HFAT-0005-9 
HFASPOOO5. 
HFA9P0005-9 | -40°C to +85°C 


Pinouts 


HFA-0005 (PDIP, CDIP, SOIC) HFA-0005 (TO-99 METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 291 8.1 
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Specifications HFA-0005 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals ............-000000- 12V Operating Temperature Range 

Differential Input Voltage... 2.2.2... ee cece eee eee eee 5V pena... 2. os eee ee -40°C < Ty < +85°C 
WERE MI oF ae OE So ooo ic od ie oss No veveces nieaees Eee +4V SANS osc voh a os bees eua eee es ee cree 0°C < T, < +75°C 
ga | Bee Fick Wena 7 ae 2 Sea Pare oer +60mA Storage Temperature Range............... -65°C < Ty < +150°C 
SUM UIONT TOPTOIMEINO ag ioc hobs cae + tcc cetennenes +175°C 

Junction Temperature (Plastic Packages)............... +150°C 

Lead Temperature (Soldering 10 Sec.).........0....000- 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +5v, V- = -5V, Unless Otherwise Specified 


PARAMETERS TEMP Can [tye [wa 
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TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 2) +25° 


[25% [ 150 
[righ [150 
ee 
Minimum Stable Gan _——~d | 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 
R, = 100Q +25°C 


R, = 1kQ +3.5 
Es cee 
| +25°C_| 
ie ae 


+3.5 


a8 


Full Power Bandwidth (Note 5) ea 
Output Resistance, Open Loop e 
Output Current +2 +25 mA 
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Specifications HFA-0005 


Electrical Specifications V+ = +5v, V- = -5V, Unless Otherwise Specified (Continued) 


TRANSIENT RESPONSE 


Rise Time (Note 4, 6) 


Slew Rate (Note 7) 
Settling Time (3V Step) 0.1% 


Overshoot (Note 4, 6) 
POWER SUPPLY CHARACTERISTICS 
Supply Current 


Power Supply Rejection Ratio (Note 8) 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 


2. Vout = 0 to +2V, Ry = 1kQ. 
3. AVoy = +2V. 
= -! 
BARA. bein Slew Rate rae”) 
5. Full Power Bandwidth is calculated by equation: FPBW = Perv Is VpEAK = 3.0V. = ee 
6. Voyr = t200mV, Ay = +1. PEAK Pare 
7. Vout = £3V, Ay = +1. eo 
8. AVs = +4V to +6V. os 
9. See Thermal Constants in “Applications Information” section. Maximum power dissipation, including output load, must be designed to ad 
maintain the junction temperature below +175°C for hermetic packages, and below +150°C for plastic packages. 
Simplified Schematic Diagram Die Characteristics 
o V+ Thermal Constants (°C/W) Bia Bjc 
#3 ‘s a3 GG es va es earl ei 120 37 
Rsense ES, Se eee 98 36 
(+) I ee ock ees is 13 
ARR Sas sls a oe 158 43 
+IN ¢ s ai Ms OUT 
D A ( “ D V- 
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HFA-0005 


Test Circuits 


FIGURE 1. LARGE SIGNAL RESPONSE TEST CIRCUIT FIGURE 2. SMALL SIGNAL RESPONSE TEST CIRCUIT 


LARGE SIGNAL RESPONSE 
Vout =0to 3V 
Vertical Scale: 1V/Div. Horizontal Scale: 5ns/Div. 


SMALL SIGNAL RESPONSE 
Vout = 0 to 200mV 
Vertical Scale: 100mV/Div. Horizontal Scale: 2ns/Div. 


ae 
Wf I Naa AO Sd TE, NSE Bee Nae 
we acelin Ag A la ache esd eal wll ac ll 


PROPAGATION DELAY 
Vertical Scale: 500mV/Div. Horizontal Scale: 5ns/Div. 
Ay = +1, R, = 1kQ, Vout = 0 to 3V 


pow erate prepreg na tein aya cane woneeseneton penton 
i t ESS 6 ; 
: i i : 


FIGURE 3. SETTLING TIME SCHEMATIC 
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HFA-0005 


Typical Performance Curves v, = +5V, T, = +25°C, Unless Otherwise Specified 


50ce77TIm | 
HH SL 


GAIN (dB) 
3 


: 
lll 

410 @ A 
0 el ox oc 
THETA. & i 
eg 
cc cc 
o = 3 
CC So . : ene Ras foie = fo |i ; 
UE UE YE TPN , & z 

300K 1M 10M 100M 1M 10M 100M 1G 

FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 4. OPEN LOOP GAIN AND PHASE vs FREQUENCY FIGURE 5. CLOSED LOOP GAIN vs FREQUENCY 
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AMPLIFIERS 
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HFA-0005 


Typical Performance Curves vz, = +5V, T, = +25°C, Unless Otherwise Specified (Continued) 
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Ay = +1, Ry = 1009, Vout = 3V 


FIGURE 14. OUTPUT VOLTAGE SWING vs TEMPERATURE FIGURE 15. SLEW RATE vs TEMPERATURE 
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HFA-0005 


Typical Performance Curves vg = +5V, Ty = +25°C, Unless Otherwise Specified (Continued) 
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FIGURE 16. CMRR vs TEMPERATURE 
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FIGURE 20. RISE TIME vs TEMPERATURE 
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FIGURE 17. PSRR vs TEMPERATURE 
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FIGURE 19. SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 21. MAXIMUM OUTPUT VOLTAGE SWING vs FREQUENCY 
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OPERATIONAL 
AMPLIFIERS 


HFA-0005 


Typical Performance Curves vs = +5V, T, = +25°C, Unless Otherwise Specified (Continued) 


OUTPUT VOLTAGE SWING 
OPEN LOOP GAIN (V/V) 


00 
LOAD RESISTANCE me bik RESISTANCE a 


FIGURE 22. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE FIGURE 23. OPEN LOOP GAIN vs LOAD RESISTANCE 
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NOISE CURRENT (pA/ 
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FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 24. INPUT NOISE vs FREQUENCY FIGURE 25. INPUT NOISE vs FREQUENCY 


FIGURE 26. INPUT NOISE VOLTAGE FIGURE 27. INPUT NOISE VOLTAGE 
Ay = 50, Noise Voltage = 1.646yVpys (RTI) Ay = 50, Noise Voltage = 5.568uVays (RTI) 
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HFA-0005 


Applications Information 
Offset Adjustment 


When applications require the offset voltage to be as low as 
possible, the figure below shows two possible schemes for 
adjusting offset voltage. 


Rr 


Vout 


R 
Adjustment Range = +V (=) 
1 


FIGURE 28. INVERTING GAIN 


For a voltage follower application, use the circuit in Figure 29 
without Rp and with R; shorted. R; should then be 1MQ to 
10MQ, so the adjustment resistors will cause only a very 
small gain error. 


Vout 


Adjustment Range =+tVvV(—) Gain=1+ ( ) 
R R, +R 
1 | 2 


FIGURE 29. NON-INVERTING GAIN 
PC Board Layout Guidelines 


When designing with the HFA-0005, good high frequency 
(RF) techniques should be used when making a PC board. A 
massive ground plane should be used to maintain a low 
impedance ground. Proper shielding and use of short 
interconnection leads are also very important. 


To achieve maximum high frequency performance, the use 
of low impedance transmission lines with impedance 
matching is recommended: 50Q lines are common in 
communications and 75Q lines in video systems. Impedance 
matching is important to minimize reflected energy therefore 


minimizing transmitted signal distortion. This is 
accomplished by using a series matching resistor (50Q or 
75Q), matched transmission line (50Q or 75Q), and a 
matched terminating resistor, as shown in Figure 30. Note 
that there will be a 6dB loss from input to output. The 
HFA-0005 has an integral 50Q +20% resistor connected to 
the op amp’s output with the other end of the resistor pinned 
out. This 50Q resistor can be used as the series resistor 
instead of an external resistor. 


Vin 
50Q 50 COAX CABLE 


FIGURE 30. 
at 
PC board traces can be made to look like a 50Q or 75Q s rt 
transmission line, called microstrip. Microstrip is a PC board O Ww 
trace with a ground plane directly beneath, on the opposite E = 
side of the board, as shown in Figure 31. cr om 
5 < 


SIGNAL 

TRACE 
piel t 
eee t 


DIELECTRIC 
(PC BOARD) 


GROUND 
PLANE 


FIGURE 31. 


When manufacturing pc boards the trace width can be calcu- 
lated based on a number of variables. 


The following equation is reasonably accurate for calculating 
the proper trace width for a 50Q transmission line. 


a 7 eh 


el | 0 | ee 
E+ 1.41 0.8w +t 


)Q 
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HFA-0005 


Power supply decoupling is essential for high frequency op 
amps. A 0.01pF high quality ceramic capacitor at each 
supply pin in parallel with a 1pF tantalum capacitor will 
provide excellent decoupling. Chip capacitors produce the 
best results due to ease of placement next to the op amp 
and they have negligible lead inductance. If leaded capaci- 
tors are used, the leads should be kept as short as possible 
to minimize lead inductance. The figures that follow illustrate 
two different decoupling schemes. Figure 33 improves the 
PSRR because the resistor and capacitors create low pass 
filters. Note that the supply current will create a voltage drop 
across the resistor. 


V+ 


V- 


FIGURE 32. 


V- 


FIGURE 33. 
Saturation Recovery 


When an op amp is over driven output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input to safe levels, output saturation can be avoided. If out- 
put saturation cannot be avoided, the recovery time from 
25% overdrive is 20ns and 30ns from 50% overdrive. 
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was HFA1100 
SEMICONDUCTOR HFA1120 


Ultra High-Speed : 
April 1993 Current Feedback Amplifiers 

Features Description 
¢ Low Distortion (SOMHz)............. -56dBe The HFA1100, 1120 are a family of high-speed, wideband, fast 

settling current feedback amplifiers. Built with Harris' proprietary 
° WEB Bentwidth. . cxsitvct civ ernie GaGnsH2 complementary bipolar UHF-1 process, these devices are the fastest 
e Very Fast Slew Rate.............. 2300V/us monolithic amplifiers available from any semiconductor manufacturer. 
° Fast Settling Time (0.1%) ...........-- dings The two devices, available in 8-pin CERDIP, PDIP, and SOIC pack- 


ages, have similar performance, but each offers separate features. 


P SAS OER IaH Fess The HFA1100 is a basic op amp with uncommitted pins 1, 5, and 8. 


~ (100MHZ). 2.0.0 e reese ee eee eee 0.14dB The HFA1120 includes inverting input bias current adjust pins (pins 1 ; 
- (SOMHZ).......-...- eee eee nnnnes 0.04dB and 5) for adjusting the output offset voltage. 
~ (BOMHZ).... 00. sees eee e eee eens 0.01dB these devices offer a significant performance improvement over the 
° High Output Current ..............5. 60mA AD811, AD9617/18, the CLC400-409, and the EL2070, EL2073, 
Sere ES - EL2030. 
e Overdrive Recovery.............005- ns 
43 : For Military grade product refer to the HFA1100/883, HFA1120/883 
° . data sheet. 
Applications 


Ordering Information 


ee 
PART NUMBER TEMP RANGE DESCRIPTION 
HEAVI00", Hraviaoy | 0°Cwes%0 [oe 


¢ Video Switching and Routing 


OPERATIONAL 
AMPLIFIERS 


¢ Pulse and Video Amplifiers 
¢ Wideband Amplifiers 

¢ RF/IF Signal Processing 

e Flash A/D Driver 

Medical Imaging Systems 


Pinouts The Op Amps With Fastest Edges 
HFA1100 
(PDIP, CDIP, SOIC) 
TOP VIEW 
ae INPUT 
ms 220MHZ 
SIGNAL 
OUTPUT 
(Ay = 2) 
pa HFA1130 
a OP AMP 
HFA1120 
(PDIP, CDIP, SOIC) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2945.3 
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Specifications HFA1100, HFA1120 


Absolute Maximum Ratings 


Voltage Between V+ and V- .. 0... ccc ccc ce ee ee eee 12V 
Comnron: Mode Valtages 55 icc cc cece cccccaneces VsuppLy 
PUL OM WON cw oii wiv ec sc eccévawekuvewsecs 5V 
Output Current (50% Duty Cycle)..................2202- 60mA 
eR a cs em sivova sect oinmesaocace +175°C 
Junction Temperature (Plastic Package) ............... +150°C 


Operating Conditions 


HPATIOON HEASISOr sis 5 os cis es Seweeeens -40°C < Ty < +85°C. 

Storage Temperature Range............... -65°C < Ty < +150°C 

Thermal Package Characteristics (°C/W) Bin 8. 
Ceramic DIP Package............... 116 36 
Plastic DIP Package ...........-.06. 98 36 
te POCMEOG os 5's acekscevtcagsad a 158 43 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Characteristics = Vsyppyy = +5V, Ay = +1, Re = 510Q, R, = 100Q, Unless Otherwise Specified 


INPUT CHARACTERISTICS 
Input Offset Voltage * 


Input Offset Voltage Drift 
Vio CMAR (AVoy = +2V) 


Vio PSRR (AVs = +1.25V) 


Non-inv. Input Bias Current (+IN = OV) * 


+l5ias CMS (AVonu = +2V) 


Inv. Input Bias Current (-IN = OV) * 


-Ipiag CMS (AVoy = +2V) 


*See Typical Performance Curves for more information. 
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Specifications HFA1100, HFA1120 


Electrical Characteristics — Vsyppyy = +5V, Ay = +1, Re = 510Q, R,, = 100, Unless Otherwise Specified (Continued) 


HFA11001, HFA1120! 


TRANSFER CHARACTERISTICS A, = +2, Unless Otherwise Specified 


TRANSFER CHARACTERISTICS Ay+2, Unless Otherwise Spectied§ 
SA nl i te mee iH Gammon Mod Werden Hae 
-3d8 Bandwidth (Vout = 0:2Vpm, Ay = +1)" Ais haa dt Lee UI cect 


-3dB Bandwidth (Voyt = 0.2Vp.p, Ay = +2, Re = 3602) +25°C 670 
Gain Flatness (to 100MHz) * +25°C 
Gain Flatness (to 50MHz) +25°C 
+25°C 
+25°C 
+25°C 
+25°C 
Full 


Gain Flatness (to 30MHz) 


Linear Phase Deviation (DC to 100MHz) * Degrees 


Differential Gain (NTSC, R, = 75Q) 
Differential Phase (NTSC, R, = 75Q) 


ae 


© 
<|a 
BE 


OPERATIONAL 


Minimum Stable Gain 


OUTPUT CHARACTERISTICS Ay = +2, Unless Otherwise Specified 
+25°C 
Full 


+3.0 
+2.5 


+3.3 


Output Voltage (Ay = -1) * 


+3.0 


Output Current (R, = 50Q, Ay = -1) +25°C, 


TRANSIENT RESPONSE Ay = +2, Unless Otherwise Specified 


0.2% Settling (Voyr = 2V to OV) * +25°C 


Overdrive Recovery Time (2X Overdrive) +25°C 


POWER SUPPLY CHARACTERISTICS 


< 


1400 / 


< 


ius 


7.5 


+4.5 +5.5 


Supply Voltage Range Full 


Supply Current * 


+25°C 
Full 


O10 


*See Typical Performance Curves for more information. 
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AMPLIFIERS 


HFA1100, HFA1120 


Application Information 
Optimum Feedback Resistor (R-) 


The enclosed plots of inverting and non-inverting frequency 
response detail the performance of the HFA1100/1120 in 
various gains. Although the bandwidth dependency on Ag, 
isn’t as severe as that of a voltage feedback amplifier, there 
is an appreciable decrease in bandwidth at higher gains. 
This decrease can be minimized by taking advantage of the 
current feedback (CFB) amplifiers unique property of band- 
width dependency on Rr. All current feedback amplifiers 
require a feedback resistor, even for unity gain applications 
The Re, in conjunction with the internal compensation 
capacitor, sets the dominant pole of the frequency response. 
Thus, the amplifier’s bandwidth is inversely proportional to 
Re. The HFA1100, 1120 designs are optimized for a 510Q 
Re, at a gain of +1. Decreasing Rr in a unity gain application 
decreases stability, leading to excessive peaking and over- 
shoot. At higher gains the amplifier is more stable, so Re can 
be decreased in a trade-off of bandwidth vs. stability. The 
table below lists recommended Rr values for various gains, 
and the expected bandwidth. 


Offset Adjustment 


The HFA1120 allows for adjustment of the inverting input 
bias current to null the output offset voltage. -lpias flows 
through Re, so any change in bias current forces a 
corresponding change in output voltage. The amount of 
adjustment is a function of Re . With Re = 510Q, the typical 
adjust range is t100mV. For offset adjustment connect a 
10KQ potentiometer between pins 1 and 5 with the wiper 
connected to V-. 


Use of Die in Hybrid Applications 


These amplifiers are designed with compensation to negate 
the package parasitics that typically lead to instabilities. As a 
result, the use of die in hybrid applications results in over- 
compensated performance due to lower parasitic capaci- 
tances. Reducing Re below the recommended values for 
packaged units will solve the problem. For Ay = +2 the rec- 
ommended starting point is 300Q, while unity gain applica- 
tions should try 400Q. 


PC Board Layout 


The frequency performance of these amplifiers depends a 
great deal on the amount of care taken in designing the PC 
board. The use of low inductance components such as 
chip resistors and chip capacitors is strongly recom- 
mended, while a solid ground plane Is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
chip (0.1p:F) capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 


Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input. The larger this 
capacitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. To this end, it is recom- 
mended that the ground plane be removed under traces con- 
nected to pin 2, and connections to pin 2 should be kept as 
short as possible. 


An example of a good high frequency layout is the Evalua- 
tion Board shown below. 


Evaluation Board 


An evaluation board is available for the HFA1100. Please 
contact your local sales office for information. 


The layout and schematic of the board are shown below: 


BOTTOM LAYOUT 
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HFA1100, HFA1120 


Die Characteristics 


DIE DIMENSIONS: 
63 x 44x 19+ Imils 
1600um x 1130um +25.44m 


METALLIZATION: 
Type: Metal 1: AlCu (2%)/TiW Type: Metal 2: AlCu te 
Thickness: Metal 1:8kA+0.4kA Thickness: Metal 2: 16kA +0.8kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 4kA + 0.5kA 


DIE ATTACH: 
Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 


WORST CASE CURRENT DENSITY: 
0.909 x 10° A/cm? 


TRANSISTOR COUNT: 52 
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 
HFA1100, HFA1120 


T S0070AR Xe see ee ee ee oP 


+IN “IN 
re 
w 
w 
V- 
BAL 
Vi 
BAL Vi 
V+ 
_ SOO7OAl ad 


OUT 
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OPERATIONAL 
AMPLIFIERS 


HFA1100, HFA1120 


Typical Performance Curves Veyppy = t5V, Re = 5102, Ts = +25°C, Ry, = 1002 Unless Otherwise Specified. 
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FIGURE 1. SMALL SIGNAL PULSE (Ay = +2) 
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FIGURE 4. INVERTING FREQUENCY RESPONSE 
(Vout = 200MVp.p) 
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HFA1100, HFA1120 


Typical Performance CurveS Vgyppyy = +5V, Re = 5100, T, = +25°C, R, = 1002. Unless Otherwise Specified. (Continued) 
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OPERATIONAL 
AMPLIFIERS 
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FIGURE 9. FREQUENCY RESPONSE FOR VARIOUS OUTPUT _— FIGURE 10. -3dB BANDWIDTH vs TEMPERATURE (Ay = +1) 
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FIGURE 11. GAIN FLATNESS (A, = +2) FIGURE 12. DEVIATION FROM LINEAR PHASE (Ay = +2) 
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HFA1100, HFA1120 


Typical Performance Curves Veyppy = +5V, Re = 
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FIGURE 13. SETTLING RESPONSE (Ay = +2, Vout = 2V) 
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FIGURE 15. 2nd HARMONIC DISTORTION vs Poy 


OVERSHOOT (%) 


Moon aDaSRRRESSRESE 


400 500 600 700 800 900 1000 
INPUT RISE TIME(ps) 
FIGURE 17. OVERSHOOT vs INPUT RISE TIME (Ay = +1) 


510Q, T, = +25°C, R,_ = 1002 Unless Otherwise Specified. (Continued) 
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HFA1100, HFA1120 


Typical Performance Curves Vgyppiy = +5V, Re = 5102, Ty = +25°C, R, = 1002 Unless Otherwise Specified. (Continued) 
si wb 
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FIGURE 19. OVERSHOOT vs FEEDBACK RESISTOR FIGURE 20. SUPPLY CURRENT vs TEMPERATURE 
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AMPLIFIERS 
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FARRIS 


SEMICONDUCTOR 


HFA1105, HFA1106 
HFA1135, HFA1145 


ADVANCE INFORMATION High-Speed, Low Power, Current 
March 1993 Feedback Operational Amplifiers 
Features Description 
e Wide -3dB Bandwidth .................... 350MHz The HFA1105, HFA1106, HFA1135, and HFA1145 are wide 
2 bandwidth, high speed, low power current feedback opera- 
Very Fast Slow Rate...................4. 1500V/us tional amplifiers built in Harris’s proprietary complementary 
¢ Low Supply Current (HFA1105/06/45) ......... <6mA _ bipolar UHF-1 process. 
¢ Supply Current (HFA1135) .................. <7mA_ The HFA1105 comes in a standard op amp pinout. The 


¢ Short Circuit Protected 

¢ Compensation Pin Available - HFA1106 

¢ Programmable Output Voltage Clamps - HFA1135 
e¢ Output Enable / Disable - HFA1145 


Applications 

¢ High Resolution Monitors 

¢ Professional Video Processing 

e Medical Imaging 

¢ Video Digitizing Boards/Systems 


Heads Up Displays and Simulators 


Radar/IF Processing 
Hand Held and Miniaturized RF Equipment 


e¢ Battery Powered Communications 
¢ Flash Converter Drivers 


¢ High Speed Pulse Amplifiers 


HFA1106 features a compensation pin for bandwidth limiting 
or external clamping applications. The HFA1135 features 
adjustable negative and positive output voltage clamps via 
pins 5 and 8. The HFA1145 features a TTL/CMOS compatible 
disable control, pin 8, that when pulled low, reduces the sup- 
ply current and puts the output into a high impedance state. 


The devices offer improved performance over the CLC406, 
CLC409, CLC420, CLC502, EL2070, AD9617, and AD9618. 


See the “Ordering Information” section below for package 
and temperature options. For military grade product, please 
refer to the HFA1105/883, HFA1106/883, HFA1135/883, 
HFA1145/883 datasheet. 


Ordering Information 
PART TEMPERATURE 
NUMBER RANGE 

HFA11051J, HFA1106IJ -40°C to +85°C | 8 Lead Ceramic DIP 
HFA11351J, HFA11451J 

HFA1105IP, HFA1106IP | -40°C to +85°C | 8 Lead Plastic DIP 
HFA11351P, HFA11451P 

HFA11051B, HFA1106IB | -40°C to +85°C | 8 Lead SOIC 
HFA11351B, HFA11451B 


Pinouts 
HFA1105 HFA1106 
(PDIP, CDIP, SOIC) (PDIP, CDIP, SOIC) 
TOP VIEW TOP VIEW 


HFA1135 HFA1135 
(PDIP, CDIP, SOIC) (PDIP, CDIP, SOIC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3395 
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rey HFA1110 


750MHz Low Distortion 


March 1993 Unity Gain, Closed Loop Buffer 

Features Description 

e Wide -3dB Bandwidth ...........eeeeeeees 750MHz The HFA1110 is a unity gain closed loop buffer that achieves 
-3dB bandwidth of 750MHz, while offering excellent video 

e Very Fast Slew Rate.............cecccees 1300V/us performance and low distortion. Manufactured on Harris’ 
proprietary complementary bipolar UHF-1 process, the 

A NORE SEEN RAN) sabia ss sr rt eee? aie HFA1110 also offers very fast slew rate, and high output cur- 

® High Output Curreel oa cence occ dese neuen 60mA __ rent. It is one more example of Harris’ intent to enhance its 
leadership position in products for high speed signal pro- 

e Fixed Gain of +1 cessing applications. 

e Gain Flatness (100MHz).................... 0.03dB The HFA1110’s settling time of 11ns to 0.1%, low distortion 
and ability to drive capacitive loads make it an ideal flash 

e Differential Phase..............2.00000. 0.025 deg. ap driver. 

EN ED od oa 5 mcctutce nmin debbie 0.04% The HFA1110 is an enhanced, pin compatible upgrade for 

° 3rd Harmonic Distortion (50MHz)............ -80dBe ee AD9630, CLC110, EL2072, BUF600 and q Y, 

601. 

e 3rd Order Intercept (100MHz)............... 30dBm ° = 

For buffer applications requiring a standard op amp pinout, E | 
t ; or selectable gain (-1, +1, +2), see the HFA1112 datasheet, a = 

Applications for output clamping see the HFA1113 datasheet. oO < 

¢ Video Switching and Routing For military grade product please refer to the HFA1110/883 
datasheet. 


e RF/IF Processors 


¢ Driving Flash A/D Converters Ordering Information 


NUMBER TEMP. RANGE DESCRIPTION 
earrioy | aces [OE 


Pinout Pin Descriptions 


HFA1110 PIN 
(PDIP, CDIP, SOIC) NUMBER DESCRIPTION 

TOP VIEW 

V+ | 1. 8] OUT Opt V+ gos ea Optional Positive Supply 
core fit $ Ax tae [ne [8 —[Necomecton | 

ne [= re] opr See ee ee 

\- ieee sue: Negative Supply 

aes =a ee eee 

Opt V- 3 Optional Negative Supply 
eee |e [Ome 


e High-Speed Communications 


¢ Impedance Transformation 
¢ Line Driving 


e Radar Systems 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2944.4 
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Specifications HFA1110 


Absolute Maximum Ratings Operating Conditions 

Voltage Between V+ and V- ..... cece cece eee eee eee 12V Operating Temperature Range 

DoeR i  gi os” See peeke Bee ter a cere rate VsuppLy PATTI oo oi nos oad Cass eid nanan -40°C < Ty < +85°C 
EMMIS WE EI ao css os oko pc cuea cies ances 5V Storage Temperature...............0.008s -65°C < Ty < +150°C 
WR CHMUOIN oi. Saag EAE) ont oR ERA se SEF dupes e-s 60mA Thermal Resistance (°C/W) Gia Bic 
Lead Temperature (Soldering 10 Sec.)................. +300°C Ceramic DIP Package............... 116 36 
ACU TOPIOIQULNG «5.0 s os bv sore ee vs ce wea ene +175°C Plastic DIP PaCckOae $25.5. 6 sins ee es 98 36 
Junction Temperature (Plastic Package) ............6.. +150°C Ses POD 6s obs cad See eee oR 158 43 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Characteristics — Vsyppyy = +5V, R, = 1009, Unless Otherwise Specified 


PARAMETER TEMP. 


INPUT CHARACTERISTICS 


Output Offset Voltage” 


Output Offset Voltage Drift 


+25°C 


Input Voltage Noise (100kHz)* +25°C 


Input Bias Current* 
| 

vs 
a 


F 
TRANSFER CHARACTERISTICS 
Gain (Voyr = 2Vp.p) 0.990 VN 


DC Non-Linearity (t2V Full Scale)* 


OUTPUT CHARACTERISTICS 


fi 
© 
J 
.o] 


Output Voltage” 


Output Current (R,. = 509)* 


POWER SUPPLY CHARACTERISTICS 


Supply Current* 
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Specifications HFA1110 


Electrical Characteristics Vsyppyy = +5V, R, = 100Q, Unless Otherwise Specified (Continued) 


AC CHARACTERISTICS 
-3dB Bandwidth (Voyr = 0.2Vp.p)* 


| 
ie ons 
[raromrswawaniveer |e 
[conraneswower | 
Sr 
[iw ese ovine wowrer ———| are | 
[acremoncoaion aura von=airor | ware | 
[aston dseren SOM =Booh | ee | 
a a 
ee cancommeccomny | ae 
Reverse Gain (S12 at 100MHZ, Voyt = 1Vp.p)”* ee 
Rise Time (Voyr = 0.5V Step) ae 
Overshoot (Voyr = 1.0V Step)* we 
Input Signal Rise/Fall = 1ns 
ereeetoraoo eee 
cs 
reese 
ea 
oS 


* See Typical Performance Curves for more information. 


OPERATIONAL 
AMPLIFIERS 


HFA1110 


Application Information 
PC Board Layout 


The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. 
The use of low inductance components such as chip 
resistors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10u:F) tantalum in parallel with a small value 
chip (0.1,F) capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be BOTTOM LAYOUT 
avoided by placing a resistor (Rs) in series with the output. 
See the “Recommended Rg vs Load Capacitance” graph for 
specific recommendations. 


HARRIS SEMICONDUCTOR 


An example of a good high frequency layout is the Evalua- Sulunt tae eae 


tion Board shown below. 
Evaluation Board 


An evaluation board is available for the HFA1110. Please 
contact your local sales office for information. 


The layout and schematic of the board are shown here: 


> OUT 


TOP LAYOUT 
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HFA1110 


Die Characteristics 


DIE DIMENSIONS: 
63 x 44x 19+ 1imils 
1600um x 1130um +25.44m 


METALLIZATION: 
Type: Metal 1: AlCu(2%)/TiW Type: Metal 2: AlCu(2%) 
Thickness: Metal 1: 8kKA + 0.4kA Thickness: Metal 2: 16kA + 0.8kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 4kA +0.5kA 


DIE ATTACH: 
Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 


WORST CASE CURRENT DENSITY: 
0.909 x 10° A/cm? 


TRANSISTOR COUNT: 52 
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 
HFA1110 


" 50070A 


_ S0070A0% 


OUT 
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HFA1110 


Typical Performance Curves Veyppry = +5V, Ts = +25°C, R,, = 1002. Unless Otherwise Specified. 


OUTPUT VOLTAGE (mV) 


5ns/Div 


GAIN 
Vout = 200mVp.p 
Vout = 1Vp.p 


0 200M 400M 600M 800M 1G 
FREQUENCY (Hz) 
FIGURE 3. FORWARD GAIN AND PHASE 


ste II 

£11 Il 
ST TNL aalll 
wun Seniil|| 


es oe aeg Vout = 200mVp. : 
pe 
J PETES Your S <5%e? ATH | 
z -3 Vout = 4Vp.p —tHH 
OS .4 


1M 10M 100M 
FREQUENCY (Hz) 
FIGURE 5. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 


VOLTAGES 


OUTPUT VOLTAGE (V) 


5ns/Div 


Hott petb a= tka ~| {hl 
CM TTT | te = 1000 PNT 
a | 
0 a NY 
A 


GAIN (dB) 
b 
: 
So 
PHASE (DEGREES) 


FREQUENCY (Hz) 


FIGURE 4. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 


Tella TTL 
blo! (a 
ee) i Se 
jo 1 
<1) eee 
oC 1A 
Se ee 
lia | A 
i 1 a a a 

“fh AE NA De NET GE SSR BRIER ARE Be 


10 30 50 70 90 100 130 


TEMPERATURE (°C) 
FIGURE 6. -3dB BANDWIDTH vs TEMPERATURE 
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HFA1110 


[ s Ss s = 0 » A = ‘ 
Typical Performance Curves Vgyppiy = t5V, Ts = +25°C, Ri, = 1002. Unless Otherwise Specified. (Continued) 


@. 
tia 


LA ieee as | il 


DEVIATION (DEGREES) 


1M 10M 100M 200M 0 15M 30M 45M 60M 75M 90M 105M 120M 135M 150M 
FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 7. GAIN FLATNESS FIGURE 8. DEVIATION FROM LINEAR PHASE 


pe ee 
Bon we 2s bad 


OPERATIONAL 
AMPLIFIERS 


PHASE (DEGREES) 
INTERCEPT POINT (dBm) 


0 200M 400M 600M 800M 1G 


FREQUENCY (Hz 
sa FREQUENCY (MHz) 


FIGURE 9. REVERSE GAIN AND PHASE FIGURE 10. 2-TONE, 3RD ORDER INTERMODULATION 
INTERCEPT 


DISTORTION (dBc) 
DISTORTION (dBc) 


5 -3 -1 1 3 5 7 Be a 8 


OUTPUT POWER (dBm) 
FIGURE 11. 2nd HARMONIC DISTORTION vs Poyt FIGURE 12. 3rd HARMONIC DISTORTION vs Pout 


OUTPUT POWER (dBm) 
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HFA1110 


Typical Performance Curves Vgyppyy = +5V, Ts = +25°C, Ri, = 1002 Unless Otherwise Specified. (Continued) 


(%) HOHUHS ONMLLSS 


120 160 200 240 280 320 360 


40 


C,_ (pF) 


FIGURE 14. RECOMMENDED SERIES OUTPUT RESISTOR vs 


FIGURE 13. SETTLING RESPONSE 


(Vout = 1V) 


N a 


(%) LOOHSHSAO 


1000 


800 900 


700 


INPUT RISE TIME (ps) 


500 600 
FIGURE 15. OVERSHOOT vs INPUT RISETIME 


400 


300 


INPUT VOLTAGE (V) 
FIGURE 16. INTEGRAL LINEARITY ERROR 


ae ar rae 
eb See 
PNT 


TNT 
PEEP TO 
el ea NT | 
INT 


w z i] PN | » et °o to] © hs 


N 


N N r r r 


(vw) INSHYYND Alddns 


INE 


rTroOQeOnreonwnwroannrooomreownw 
NNePF rer rrrrerere 


(yw) INSHUND ATddNS 


10 


TEMPERATURE (°C) 
FIGURE 18. SUPPLY CURRENT vs TEMPERATURE 


TOTAL SUPPLY VOLTAGE (V+ - V-, V) 
FIGURE 17. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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HFA1110 


Typical Performance Curves Vsyppiy = +5V, Ts = +25°C, Ri, = 1002. Unless Otherwise Specified. (Continued) 


BIAS CURRENT (:A) 
OUTPUT OFFSET VOLTAGE (mV) 


60 -40 -20 0 20 40 60 80 100 120 60 -40 -20 0 20 40 60 80 100 120 


TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 19. BIAS CURRENT vs TEMPERATURE FIGURE 20. OFFSET VOLTAGE vs TEMPERATURE 


3.8 100 


80 


OPERATIONAL 
AMPLIFIERS 


-Vout jos Da O we Sie Fe iG 
To ee 
‘Pence CETTE TEE 
na ae 


60 -40 -20 0 20 40 60 80 100 120 
TEMPERATURE (°C) FREQUENCY (Hz) 
FIGURE 21. OUTPUT VOLTAGE vs TEMPERATURE FIGURE 22. INPUT NOISE vs FREQUENCY 


> 
[=] 
NOISE CURRENT (pA/VHz) 


OUTPUT VOLTAGE (V) 
NOISE VOLTAGE (nV/VHz) 
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Dane. HFA1112 


Ultra High-Speed 
March 1993 Closed Loop Buffer Amplifier 
Features Description 
e Wide -3dB Bandwidth ............00c0e0ee 850MHz The HFA1112 is a closed loop current feedback buffer 
amplifier that achieves a high degree of gain accuracy, wide 
¢ Very Fast Slew Rate (Ay = +2)............. 2050V/iiS bandwidth, and low distortion. Manufactured on the Harris 


proprietary complementary bipolar UHF-1 process, the 
HFA1112 also offers very fast slew rate, excellent gain 
flatness, and high output current. 


¢ Fast Settling Time (0.1%) ............. eee eeee Tins 


¢ High Output Current .............ceeeeeees 60mA 
A unique feature of the circuit pinout allows for voltage gains 
e Excellent Gain Accuracy EXNERS LA LKEA OER ELE 0.99V/V of +1, +2, and -1, while maintaining compatibility with the 
standard op amp pinout (see Pinout). By leaving pin 2 open 
and applying the input to pin 3, the circuit defaults to the 
standard gain of +1. Grounding pin 2 and applying the input 
to pin 3, results in a gain of +2. Finally, by using pin 2 as an 
input and grounding pin 3, a gain of -1 can be achieved. 


e User Programmable For Closed-Loop Gains of +1, -1 
or +2 Without Use of External Resistors 


e Standard Operational Amplifier Pinout 
The HFA1112 offers performance and functionality advan- 

Applications tages over the AD9620, AD9630, CLC110, and EL2072. 

For standard buffer pinout applications see HFA1110 datasheet. 

The device is available in 8-pin CERDIP, PDIP, and SOIC 


e RF/IF Processors 


¢ Driving Flash A/D Converters packages. 
e High-Speed Communications For military grade product, refer to the HFA1112/883 
datasheet. 


e Impedance Transformation 
Ordering Information 


ee ee 
NUMBER RANGE 


¢ Line Driving 


¢ Video Switching and Routing 


e Radar Systems 


Pinout Pin Descriptions 


PIN 
NUMBER DESCRIPTION 


a a 
Ee 
a 
at 


HFA1112 
TOP VIEW 


Positive Supply 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2992.1 
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Specifications HFA1112 


Absolute Maximum Ratings Operating Conditions 

Voltage Between V+ and V- .......... cece cece cece eee 12V. Operating Temperature Range 

CE Se ata nb enaentaeenny pee a PORES =: TRS gees eer eee NOR rn ee ~40°C < T, < +85°C 
Differential Input Voltage. .... 2... 6. cece eee eee eee es 5V Storage Temperature.................00-. -65°C < Ty < +150°C 
Quiput GUTOR Geren errr Ieee TEE re 60mA ‘Thermal Package Characteristics (°C/W) Osa Bj 
MRM TEU hog oi kc nc ss vas sc deeas He nob a ee +175°C Ceramic DIP Package............... 116 36 
Junction Temperature (Plastic Package) ............... +150°C Widstc DiP PRCRAGO . os. ccs tac ae 98 36 
Lead Temperature (Soldering 10 Sec.)................ +300°C Ss PR kak ohare ee a 158 43 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Characteristics Vsyppry = +5V, Ay = +1, Ry, = 1002, Unless Otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 
Output Offset Voltage 


Output Offset Voltage Drift 


Input Voltage Noise (100kHz) nVAVHz 
+Input Current Noise (100kHz) pANHz 


Non-inv. Input Bias Current 


[nou Caneon Mode Range i 


TRANSFER CHARACTERISTICS 
Gain (Ay = +1, Vin = +2V) 


iS 

° 
QO 
S 
to 
ro 
ro) 


V. 


+V 
N 


0.990 


Gain (Ay = +2, Vyy = +1V) 


DC Non-Linearity (Ay = +2, +2V Full Scale) 


OUTPUT CHARACTERISTICS 


aaa 
baa 
[3980 
[097 
195 
135 
seers 
Opi Vonage y= a a 
saa we 
ii Gat 
Para 
eo 
aes 
es 


+V 


Output Current (R, = 50Q) 


DC Closed Loop Output Impedance 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 
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Specifications HFA1112 


Electrical Characteristics Vsyppyy = +5V, Ay = +1, A, = 100Q, Unless Otherwise Sar (Continued) 


amine eae on retro 


AC CHARACTERISTICS 
ai A Nd ok i ls 
mere fe camp rere p eT 
ee ee 
= +25°C 
Rise Time (Voyr = 0.5V Step) Ay = +2 


Differential Gain Ay = +1, 3.58MHz, 


R, = 1502 


Ay = +2, 3.58MHz, 
R, = 150Q 


Differential Phase Ay = +1, 3.58MHz, 
R, = 150Q 


Slew Rate (Vout = 5Vp.p) 


oS 
i=) 


Connections Application Hints 


DESIRED 
GAIN CONNECTION 


Float -IN (pin 2). Apply Signal to +IN (pin 3). 
Ground -IN. Apply Signal to +iN. 
a Ground +iN. Apply Signal to -IN. 


The frequency performance of the HFA1112 can depend a great 
deal on the amount of care taken in designing the PC board. 


Attention should be given to decoupling the power supplies. 
A large value (5uF) tantalum in parallel with a small value 
chip (0.1,.F) capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. The 
use of low inductance components such as chip 
resistors and chip capacitors is strongly recommended. 
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HFA1112 


Die Characteristics 


DIE DIMENSIONS: 
63 x 44x 19+ 1Imils 
1600um x 1130um +25.4um 


METALLIZATION: 
Type: Metal 1: AlCu (2%)/TiW Type: Metal 2: AlCu (2% 
Thickness: Metal 1:8kA+0.4kA Thickness: Metal 2: 16kA +0.8kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 4kA + 0.5kA 


DIE ATTACH: 
Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 


WORST CASE CURRENT DENSITY: 
0.909 x 10° A/cm? 


TRANSISTOR COUNT: 52 
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 
HFA1112 


OPERATIONAL 
AMPLIFIERS 


" §50070A 


+IN 


NC 


V+ 
L B50070A0% 


OUT 
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HFA1112 


Typical Performance Curves Veyppry = +5V, Ay = +2, Ta = +25°C, Unless Otherwise Specified 


2ns/DIV 


FIGURE 2. LARGE SIGNAL PULSE RESPONSE 


0 


cn Se ee oe i 


Qa 
w 2 Q .45 
Ww ~~] 

z . Sa} ae sas 
6 0 sen cae ee BS ad 
: : 
am -1 — -180 
oc 79) 
3 -2 i 225 
5 3 w 270 
zi a Q 315 
RS = -360 

4 a 

a 200M 400M 600M 800M 1G 0 200M 400M 600M 800M 1G 

FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 3. FORWARD GAIN FIGURE 4. FORWARD PHASE 
+0.04 


-3.0 -2.0 -1.0 0 +1.0 +2.0 +3.0 


INPUT VOLTAGE (V) 


PERCENT ERROR (%) 
°o 


b 
8 


0.04 


FIGURE 5. INTEGRAL LINEARITY ERROR 
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HFA1113 


High-Speed, Output Clamping 
Closed Loop Buffer 


wD 


March 1993 


Features 


User Programmable Output Voltage Clamp 


Description 


The HFA1113 is a high speed closed loop Buffer featuring 
both user programmable gain and output clamping. Manu- 


e Wide -3dB Bandwidth ............ccccceee 850MHz factured on Harris’ proprietary complementary bipolar UHF- 

¢ Very Fast Slew Rate (Ay =+2)............. 2050V/us 1 process, the HFA1113 also offers a wide -3dB bandwidth 
of 850MHz, very fast slew rate, excellent gain flatness, low 

¢ Fast Settling Time (0.1%) .......... ccc eueeees lins distortion and high output current. 

* High Output Current ..............-..2 200s. 60MA this buffer is the ideal choice for high frequency applications 

e Excellent Gain Accuracy...............000% 0.99V/V_ requiring output limiting, especially those needing ultra fast 


User Programmable For Closed-Loop Gains of +1, -1 
or +2 Without Use of External Resistors 


Overdrive Recovery........ccseccescceeccces <ins 
Standard Operational Amplifier Pinout 


Applications 


RF/IF Processors 

Driving Flash A/D Converters 
High-Speed Communications 
impedance Transformation 


overload recovery times. The output clamp allows the 
designer to set the maximum positive and negative output lev- 
els, thereby protecting later stages from damage or input satu- 
ration. The HFA1113 also allows for voltage gains of +2, +1, 
and -1, without the use of external resistors. By leaving pin 2 
open and applying the input to pin 3, the circuit defaults to the 
standard gain of +1. Grounding pin 2, and applying the input 
to pin 3, results in a gain of +2. Finally, by using pin 2 as an 
input and grounding pin 3, a gain of -1 can be achieved. 


Compatibility with existing op amp pinouts provides flexibility to 
upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the std pinout provides an upgrade 
path, should a higher closed loop gain be needed at a future 
date. For Military product, refer to the HFA1113/883 data sheet. 


¢ Line Driving Ordering Information 
¢ Video Switching and Routing PART OPERATING PRODUCT 


Medical Imaging Systems 


Pinout Pin Descriptions 
HFA1113 PIN 
(PDIP, CDIP,SOIC) NUMBER DESCRIPTION 


TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


NC 


-IN 


+IN 


V- 


a 
Ts Norvimering ot 
es 
soe 
Bees 
on as 


Lower Output Limit 


Positive Supply 
Upper Output Limit 
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Specifications HFA1113 


Absolute Maximum Ratings 


VOliage Between V4 BNNs oo. ccc cccdn teen ecccess 12V 
_ DC Input MONG i514 B44 Pb <i biure oe we'd cg PR wiemied 0 0'a0 0 Vsuppty 
DMPOTONUGL WIDUT VONROG, 5 oc ce chc cece ees eccveccses 5V 
COUT OMITOUE Ftc PUREE Shing: cnc ccc er ccsveccscess 60mA 
URI SUT ies 5 spo pp cea bv 00 68 oe ee +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 sec.)...............6. +300°C 


Operating Conditions 


PIRATIAS ic cc else vs + noe aseeeuners -40°C < Ty < +85°C 

Storage Temperature. .......... 0c eee wees -65°C < Ty s +150°C 

Thermal Resistance (°C/W) Osa B5c 
Ceramic DIP Package.............-. 116 36 
Plastic OP Page oa. ss ps aesenecs 98 36 
SON) Package cs. oo ce 158 43 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry, = 100Q, Unless Otherwise Specified 


BRS sl eas 
ee Pe cee 
ee 


INPUT CHARACTERISTICS 
Output Offset Voltage 


hoot sat | 
a Se oe Te 
Ce 


Input canmonMederarge | ra | as | ee [| 3 


TRANSFER CHARACTERISTICS 
Gain (Ay = +1, Vin = +2V) 


Gain (Ay a +2, Vin = +1V) 


cB 


OUTPUT CHARACTERISTICS 
Output Voltage (Ay = -1) 


ea Fs 


Output Current (R, = 50Q) 


DC Closed Loop Output Impedance 
POWER SUPPLY CHARACTERISTICS 
Supply Voltage Range 


Supply Current 


2-652 


Specifications HFA1113 


Electrical Specifications Vgsyppyy = +5V, Ay = +1, Ri, = 1002, Unless Otherwise Specified (Continued) 


| Pe, HANI seg 
ee a eee 


AC CHARACTERISTICS 
Rerarey ome] ede a pea 
Pare [| - | om | - pe 


Slew Rate (Vout BS 5Vp.p) 


[2060 
200 
a 


3rd Order Intercept (100MHz) +25°C 
1dB Compression (100MHz, Ay = +2) +25°C 


Rise Time (Voyr = 0.5V Step) Ay =+2 +25°C 
Ay = +1 +25°C 


Overshoot (Voyrt = 0.5V Step) +25°C 
0.1% Settling (Voyr = 2V to OV) +25°C 
0.05% Settling (Voyr = 2V to OV) +25°C 


Differential Gain +25°C 


700 


ae 


Ay = +2, 3.58MHz, +25°C 


R, = 1500 


Ay =+1, 3.58MHz, 
R, = 1500 


Ay = +2, 3.58MHz, 
R, = 150 


CLAMP CHARACTERISTICS Ay = +2, Vy=+1V, V, =-1V, Unless Otherwise Specified. 


Clamp Accuracy (Vy = +2V, Ay = -1) +25°C 


+25°C 


Differential Phase Degrees 


+25°C Degrees 


nv 


0.75 


= 
=< 


+25°C 


OPERATIONAL 
AMPLIFIERS 


HFA1113 


Die Characteristics 


DIE DIMENSIONS: 
63 x 44x 19+ Imils 
1600um x 1130um + 25.44m 


METALLIZATION: 
Type: Metal 1: AlCu(2%)/TiW Type: Metal 2: AlCu(2%) 
Thickness: Metal 1: 8kA+0.4kA Thickness: Metal 2: 16kA +0.8kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 4kA + 0.5kA 


DIE ATTACH: 
Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 


WORST CASE CURRENT DENSITY: 
0.909 x 10° A/cm? 


TRANSISTOR COUNT: 52 
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 
HFA1113 


" 50070A 


+IN 


Vu 


L. S0070A04% 


OUT 
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HFA1113 


Application Information 


Closed Loop Gain Selection 


The HFA1113 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 


This “buffer” operates in closed loop gains of -1, +1, or +2, and 
gain selection is accomplished via connections to the +inputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1, while grounding -IN selects a gain of +2. A gain of -1 is 
obtained by applying the input signal to -IN with +IN grounded. 


The table below sumarizes these connections.. 
CONNECTIONS 
+INPUT -INPUT 
GAIN (Aci) (PIN 3) (PIN 2) 


a Se 
Ce et tT toe 


Clamp Operation 
General 


The HFA1113 features user programmable output clamps to 
limit output voltage excursions. Clamping action is obtained 
by applying voltages to the Vy, and V, terminals (pins 8 & 5) 
of the amplifier. Vj, sets the upper output limit, while V, sets 
the lower clamp level. If the amplifier tries to drive the output 
above V,,, or below V,, the clamp circuitry limits the output 
voltage at V,, or V,; (+ the clamp accuracy), respectively. The 
low input bias currents of the clamp pins allow them to be 
driven by simple resistive divider circuits, or active elements 
such as amplifiers or DACs. 


Clamp Circuitry 


Figure 1 shows a simplified schematic of the HFA1113 input 
stage, and the high clamp (VH) circuitry. As with all current 
feedback amplifiers, there is a unity gain buffer (QX1 - QX2) 
between the positive and negative inputs. This buffer forces 
-IN to track +IN, and sets up a slewing current of (V-IN - 
VOUT)/RF. This current is mirrored onto the high imped- 
ance node (Z) by QX3-QX4, where it is converted to a volt- 
age and fed to the output via another unity gain buffer. If no 
clamping is utilized, the high impedance node may swing 
within the limits defined by QP4 and QN4. Note that when 
the output reaches it’s quiescent value, the current flowing 
through -IN is reduced to only that small current (-IBIAS) 
required to keep the output at the final voltage. 


Tracing the path from V,, to Z illustrates the effect of the 
clamp voltage on the high impedance node. V,, decreases 
by 2Ve¢ (QN6 and QP6) to set up the base voltage on QP5. 
QP5 begins to conduct whenever the high impedance node 
reaches a voltage equal to QP5’s base + 2Ve¢ (QP5 and 
QN5). Thus, QP5 clamps node Z whenever Z reaches Vy. 


Vout 
FIGURE 1. HFA1113 SIMPLIFIED V,, CLAMP CIRCUITRY 


R1 provides a pull-up network to ensure functionality with 
the clamp inputs floating. A similar description applies to the 
symmetrical low clamp circuitry controlled by V_. 


When the output is clamped, the negative input continues to 
source a slewing current (Ic, anp) in an attempt to force the out- 
put to the quiescent voltage defined by the input. QP5 must 
sink this current while clamping, because the -IN current is 
always mirrored onto the high impedance node. The clamping 
current is calculated as (V.jy - Vout) / 300Q As an example, a 
unity gain circuit with Vjy = 2V, and Vi, = 1V, would have Ic; ayp 
= (2-1)/300Q = 3.27mA. Note that Icc will increase by Io ap 
when the output is clamp limited. 


Clamp Accuracy 


The clamped output voltage will not be exactly equal to the 
voltage applied to Vj, or V,. Offset errors, mostly due to Ver 
mismatches, necessitate a clamp accuracy parameter which 
is found in the device specifications. Clamp accuracy is a 
function of the clamping conditions. Referring again to Figure 
1, it can be seen that one component of clamp accuracy is the 
Vee mismatch between the QX6 transistors, and the QX5 
transistors. If the transistors always ran at the same current 
level there would be no Vege mismatch, and no contribution to 
the inaccuracy. The QX6 transistors are biased at a constant 
current, but as described earlier, the current through QX5 is 
equivalent to Ic. amp. Vee increases as Ic, ayp increases, 
causing the clamped output voltage to increase as well. 
lcLamp iS a function of the overdrive level (Vin - Vout 
CLAMPED), SO Clamp accuracy degrades as the overdrive 
increases. As an example, the specified accuracy of t80mV 
for a 2X overdrive degrades to +250mvV for a 3X overdrive. 


Consideration must also be given to the fact that the clamp 
voltages have an effect on amplifier linearity. The “Nonlinear- 
ity Near Clamp Voltage” curve in the data sheet illustrates 
the impact of several clamp levels on linearity. 
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Clamp Range 


Unlike some competitor devices, both V,, and V, have usable 
ranges that cross OV. While V,, must be more positive than V,, 
both may be positive or negative, within the range restrictions 
indicated in the specifications. For example, the HFA1113 
could be limited to ECL output levels by setting Vy = -0.8V 
and V,; = -1.8V. Vy and V; may be connected to the same 
voltage (GND for instance) but the result won’t be in a DC out- 
put voltage from an AC input signal. A 150 - 200mV AC signal 
will still be present at the output. 


Recovery from Overdrive 


The output voltage remains at the clamp level as long as the 
overdrive condition remains. When the input voltage drops 
below the overdrive level (Vo. amp / Ayo.) the amplifier will 
return to linear operation. A time delay, known as the Over- 
drive Recovery Time, is required for this resumption of linear 
operation. The plots of “Unclamped Performance” and 
“Clamped Performance” highlight the HFA1113’s subnano- 
second recovery time. The difference between the 
unclamped and clamped propagation delays is the overdrive 
recovery time. The appropriate propagation delays are 4.0ns 
for the unclamped pulse, and 4.8ns for the clamped (2X 
overdrive) pulse yielding an overdrive recovery time of 
800ps. The measurement uses the 90% point of the output 
transition to ensure that linear operation has resumed. Note: 
The propagation delay illustrated is dominated by the fixtur- 
ing. The delta shown is accurate, but the true HFA1113 prop- 
agation delay is 500ps. 


PC Board Layout 


The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. 
The use of low inductance components such as chip 
resistors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
chip (0.1p,F) capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 


For unity gain applications, care must also be taken to 
minimize the capacitance to ground seen by the amplifier’s 
inverting input. At higher frequencies this capacitance will 
tend to short the -INPUT to GND, resulting in a closed loop 
gain which increases with frequency. This will cause 
excessive high frequency peaking and potentially other 
problems as well. 


An example of a good high frequency layout is the Evalua- 
tion Board shown below. — 


Evaluation Board 


The performance of the HFA1113 may be evaluated using 
the HA1130 Evaluation Board, slightly modified as follows: 


1. Remove the 500Q feedback resistor (R2), and leave the 
connection open. 


2. a. For Ay = +1 evaluation, remove the 500Q gain setting 
resistor (R1), and leave pin 2 floating. 
b. For Ay = +2, replace the 500Q gain setting resistor with 
a 0Q resistor to GND. 


The layout and modified schematic of the board are shown 
here: 


co A = 
or os hy a) 


BOTTOM LAYOUT 
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Typical Performance Curves Vgyppy = +5V, Ts = +25°C, Ri, = 1002 Unless Otherwise Specified. 


SMALL SIGNAL PULSE RESPONSE LARGE SIGNAL PULSE RESPONSE 
(Ay = +2) (Ay = +2) 


[a Myedvl 
Pie te 
Pie ie Pry 
me 
ee 
fifi 


OUTPUT VOLTAGE (V) 


— 
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o 
= 
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UNCLAMPED PERFORMANCE CLAMPED PERFORMANCE 
(Ay = +2, Vy = 2V, V, = -2V) (Ay = +2, Vy = 1V, V, =-1V, 2X Overdrive) 


OPERATIONAL 
AMPLIFIERS 


10ns/DIV 10ns/DIV 


FORWARD GAIN FORWARD PHASE 


S21 MAGNITUDE (dB) NORMALIZED 
S21 PHASE (DEGREES) NORMALIZED 


7 
0 200M 400M 600M 800M 1G 0 200M 400M 600M 800M 1G 
FREQUENCY (Hz) FREQUENCY (Hz) 
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Typical Performance Curves Veyppyy = +5V, Ts = +25°C, R, = 1000. Unless Otherwise Specified. (Continued) 


INTEGRAL LINEARITY ERROR NON-LINEARITY NEAR CLAMP VOLTAGE 
(Ay =-1, Ry, = 1009) 


PERCENT ERROR (%) 
Vout - (Ay * Vin) (mV) 
: o 


-2 


Ay * a (V) 


INPUT VOLTAGE (V) 
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Features Description 


e User Programmable Output Voitage Clamp The HFA1130 is a high speed wideband current feedback amplifier 
© Low Distortion (S0MHz)."< <2<< esse: -56dBe featuring programmable output clamps. Built with Harris’ proprietary 


complementary bipolar UHF-1 process, it is the fastest monolithic 
e -3dB Bandwidth ..........cceeeees 850MHz amplifier available from any semiconductor manufacturer. 
e Very Fast Slew Rate.............. 2300V/us This amplifier is the ideal choice for high frequency applications 
requiring output limiting, especially those needing ultra fast overdrive 
* Fast Settling Time (0.1%) ...........+. 11N8 recovery times. The output clamp function allows the designer to set 
e Excellent Gain Flatness the maximum positive and negative output levels, thereby protecting ; 
oe 0.14dB later stages from damage or input saturation. The sub-nanosecond 
- (50MHz) 0.04dB overdrive recovery time quickly returns the amplifier to linear opera- 
<a essemecaria es Vaesee iain! caer - tion, following an overdrive condition. 
SNE a) oé0% Kah e tahoe tas cnc 0.01dB 
The HFA1130 offers significant performance improvements over the 
¢ High Output Current ..............5. 60MA = CLC500/501/502. ay 
<q” 
* Overdrive Recovery................+. <1ns A variety of packages and temperature grades are available. See the FS ti 
: : ordering information below for details. For /883 product refer to the E u. 
Applications HFA1 130/883 datasheet. co 
Wu S 
e i a s a. 
Hosigue Amplifier Ordering Information = i 


¢ Video Switching and Routing 


e Pulse and Video Amplifiers 
e Wideband Amplifiers 

¢ RF/IF Signal Processing 

e Flash A/D Driver 

Medical Imaging Systems 


a 
PART NUMBER TEMP RANGE DESCRIPTION 
[arartooy | aoow.es0 [oe 


Pinout The Op Amps With Fastest Edges 


HFA1130 
(PDIP, CDIP, SOIC) 
TOP VIEW 


Aa INPUT 
ag 220MHz 
SIGNAL 


OUTPUT 
de (Ay = 2) 
Bae HFA1130 
My OP AMP 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3369 
Copyright © Harris Corporation 1993 2-659 


Specifications HFA1130 


Absolute Maximum Ratings Operating Conditions 

Voltage Between V+ and V- 0... cc eee ee ce eee eee eee 12V Operating Temperature Range 

DC4NBUE VOREGO!. BEES aa hss a A es Vsuppty AAT oe se ease vc bos eee pees -40°C < Ty < +85°C 
Diterantial Input VolAOG, 50.0 C5 hw sine Wg bo Gee ccc cee ees 5V Storage Temperature Range............... -65°C < T, < +150°C 
Output Current (50% Duty Cycle)............... eee eee 60mA ‘Thermal Package Characteristics (°C/W) By Bic 
dunction Temperature = ssisck 6 ore er eer Te Te oe es +175°C Ceramic DIP Package .............-. 116 36 
Junction Temperature (Plastic Package) ............... +150°C Plastic DIP Package ................ 98 36 
Lead Temperature (Soldering 10 Sec.)................- +300°C RPI POCO oo osc cscs tac teen eeias 158 43 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Characteristics = Vsyppyy = +5V, Ay = +1, Re = 510Q, R, = 1009, Unless Otherwise Specified 


PARAMETER 


INPUT CHARACTERISTICS 


Pier ert cm an yen nt coon of | 
bik a" TRE ONGC Ra PA 
Tae 


Vio CMRR (AVoy = +2V) +25°C 


Vio PSRR (AVs = +1.25V) 
Non-inv. Input Bias Current (+IN = OV) * 
2 


= 
" 3 


F + 
= + 
+laiag CMS (AVoy = +2V) 
Inv. Input Bias Current (-IN = OV) * 


> 
oO 


eS I RS 


Late | 
| +25°C | 


-lBias PSS (AVs +1 25V) +25°C 


“PEEEEEEEEERE 


Input Voltage Noise (100kHz) * nVAHz 
+Input Current Noise (100kHz) * pANHz 
-Input Current Noise (100kHz) * pANHz 


TRANSFER CHARACTERISTICS Ay = +2, Unless Otherwise Specified 


| Open Loop Transimpedance 
-3dB Bandwidth (Voyr = 0.2Vp.p, Ay = +1) * 
-3dB Bandwidth (Voyr = 0.2Vp.p, Ay = +2, Re = 3602) 


670 


* See Typical Performance Curve for more information. 
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Electrical Characteristics  Vsyppiy = +5V, Ay = +1, Re = 510Q, R,, = 100Q, Unless Otherwise Specified (Continued) 


| MAS Bizs 8 aoadig 
ee a eee 


[Gain Flatness (to 100mez)* | wer Toe 
Gamtmemeas eso) ee ee 


Gain Flatness (to 30MHz) +25°C 
Linear Phase Deviation (DC to 100MHz) * +25°C 
Differential Gain (NTSC, R, = 75Q) +25°C 
Differential Phase (NTSC, R, = 75Q) +25°C 
Minimum Stable Gain Full 
OUTPUT CHARACTERISTICS Ay = +2, Unless Otherwise Specified 


Output Voltage (Ay = -1) * +25°C 
Full 


Output Current (R, = 50Q, Ay = -1) +25°C, 
+85°C 


-40°C 
TRANSIENT RESPONSE Ay = +2, Unless Otherwise Specified 


Supply Current* mA 
faindWbis duitos te eters :tbivis baie sihuie $WMoa 


[camp nesureey Vane id; TCC 
+2 
+2 
+2 


Degr 


Degr 


‘i 


+3.0 
+2.5 


OPERATIONAL 
AMPLIFIERS 


andy 
So 
as 


Positive Clamp Range 
Clamp Input Bias Current 


Clamp Input Bandwidth (V,, or Vi = 100mVp.p) 


* See Typical Performance Curve for more information. 
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Application Information 


Optimum Feedback Resistor (Rr) 


The enclosed plots of inverting and non-inverting frequency 
response detail the performance of the HFA1130 in various 
gains. Although the bandwidth dependency on Ag, isn’t as 
severe as that of a voltage feedback amplifier, there is an 
appreciable decrease in bandwidth at higher gains. This 
decrease can be minimized by taking advantage of the 
current feedback (CFB) amplifiers unique property of 
bandwidth dependency on Re. All current feedback amplifiers 
require a feedback resistor, even for unity gain applications. 
The Rr, in conjunction with the internal compensation 
Capacitor, sets the dominant pole of the frequency response. 
Thus, the amplifiers bandwidth is inversely proportional to Re. 
The HFA1130 design is optimized for a 510Q Rr at a gain of 
+1. Decreasing Re in a unity gain application decreases 
Stability, leading to excessive peaking and overshoot. At 
higher gains the amplifier is more stable, so Re can be 
decreased in a trade-off of bandwidth vs. stability. The table 
below lists recommended Rr values for various gains, and the 
expected bandwidth. 


Clamp Operation 
General 


The HFA1130 features user programmable output clamps to 
limit Output voltage excursions. Clamping action is obtained 
by applying voltages to the V,, and V; terminals (pins 8 & 5) 
of the amplifier. Vj; sets the upper output limit, while V, sets 
the lower clamp level. If the amplifier tries to drive the output 
above Vi, or below V,, the clamp circuitry limits the output 
voltage at V}, or V,; (+ the clamp accuracy), respectively. The 
low input bias currents of the clamp pins allow them to be 
driven by simple resistive divider circuits, or active elements 
such as amplifiers or DACs. 


Clamp Circuitry 


Figure 1 shows a simplified schematic of the HFA1130 input 
stage, and the high clamp (V,) circuitry. As with all current feed- 
back amplifiers, there is a unity gain buffer (QX1 - QX2) between 
the positive and negative inputs. This buffer forces -IN to track 
+IN, and sets up a slewing current of (V.jy - Voyt)/Re. This cur- 
rent is mirrored onto the high impedance node (Z) by QX3-QX4, 
where it is converted to a voltage and fed to the output via 
another unity gain buffer. If no clamping is utilized, the high 
impedance node may swing within the limits defined by QP4 and 
QN4. Note that when the output reaches it’s quiescent value, the 
current flowing through -IN is reduced to only that small current 
(-Ipias) required to keep the output at the final voltage. 


Vout 


4N (EXTERNAL) 


FIGURE 1. HFA1130 SIMPLIFIED V,, CLAMP CIRCUITRY 


Tracing the path from V,, to Z illustrates the effect of the clamp 
voltage on the high impedance node. V,, decreases by 2Ver 
(QN6 and QP6) to set up the base voltage on QP5. QP5 begins 
to conduct whenever the high impedance node reaches a volt- 
age equal to QP5’s base + 2Vp¢ (QP5 and QN5). Thus, QP5 
clamps node Z whenever Z reaches V4. R1 provides a pull-up 
network to ensure functionality with the clamp inputs floating. A 
similar description applies to the symmetrical low clamp cir- 
Cuitry controlled by V_. 


When the output is clamped, the negative input continues to 
source a slewing current (Ic, ayp) in an attempt to force the out- 
put to the quiescent voltage defined by the input. QP5 must 
sink this current while clamping, because the -IN current is 
always mirrored onto the high impedance node. The clamping 
current is calculated as (V.jj - Voyt) / Re. As an example, a 
unity gain circuit with Viy = 2V, Vy = 1V, and Re = §510Q would 
have Io. amp = (2-1)/510Q = 1.96mA. Note that Icc will increase 
by Ic_ amp when the output is clamp limited. 


Clamp Accuracy 


The clamped output voltage will not be exactly equal to the 
voltage applied to Vj, or V,. Offset errors, mostly due to Ver 
mismatches, necessitate a clamp accuracy parameter which 
is found in the device specifications. Clamp accuracy is a 
function of the clamping conditions. Referring again to Figure 
1, it can be seen that one component of clamp accuracy is the 
Vee mismatch between the QX6 transistors, and the QX5 
transistors. If the transistors always ran at the same current 
level there would be no Vee mismatch, and no contribution to 
the inaccuracy. The QX6 transistors are biased at a constant 
current, but as described earlier, the current through QX5 is 
equivalent to Ic. amp Vee increases as Ic, ayp increases, 
causing the clamped output voltage to increase as well. 
loLAMP is a function of the overdrive level (Vin . Vout clamped) 
and Rr, so clamp accuracy degrades as the overdrive 
increases, or as Re decreases. As an example, the specified 
accuracy of t60mV for a 2X overdrive with Re = 510Q 
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degrades to t220mV for Re = 240Q at the same overdrive, 
or to +250mV for a 3X overdrive with Re = 510Q 


Consideration must also be given to the fact that the clamp 
voltages have an effect on amplifier linearity. The “Nonlinear- 
ity Near Clamp Voltage” curve in the data sheet illustrates 
the impact of several clamp levels on linearity. 


Ciamp Range 


Unlike some competitor devices, both V,, and V, have usable 
ranges that cross OV. While V,, must be more positive than V_, 
both may be positive or negative, within the range restrictions 
indicated in the specifications. For example, the HFA1130 
could be limited to ECL output levels by setting Vy = -0.8V 
and V,; = -1.8V. Vi, and Vi may be connected to the same 
voltage (GND for instance) but the result won't be in a DC out- 
put voltage from an AC input signal. A 150 - 200mV AC signal 
will still be present at the output. 


Recovery from Overdrive 


The output voltage remains at the clamp level as long as the 
overdrive condition remains. When the input voltage drops 
below the overdrive level (Vc_amp / Ayc,) the amplifier will 
return to linear operation. A time delay, known as the Over- 
drive Recovery Time, is required for this resumption of linear 
operation. The plots of “Unclamped Performance” and 
“Clamped Performance” highlight the HFA1130’s subnano- 
second recovery time. The difference between the 
unclamped and clamped propagation delays is the overdrive 
recovery time. The appropriate propagation delays are 4.0ns 
for the unclamped pulse, and 4.8ns for the clamped (2X 
overdrive) pulse yielding an overdrive recovery time of 
800ps. The measurement uses the 90% point of the output 
transition to ensure that linear operation has resumed. Note: 
The propagation delay illustrated is dominated by the fixtur- 
ing. The delta shown is accurate, but the true HFA1130 prop- 
agation delay is 500ps. 


Use of Die in Hybrid Applications 


This amplifier is designed with compensation to negate the 
package parasitics that typically lead to instabilities. As a 
result, the use of die in hybrid applications results in 
overcompensated performance due to lower parasitic 
capacitances. Reducing Re below the recommended values 
for packaged units will solve the problem. For Ay = +2 the 
recommended starting point is 3002, while unity gain 
applications should try 400Q. 


PC Board Layout 


The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. 
The use of low inductance components such as chip 
resistors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
chip (0.1pF) capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 


Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input. The larger this 
capacitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. To this end, it is 
recommended that the ground plane be removed under 
traces connected to pin 2, and connections to pin 2 should 
be kept as short as possible. 


An example of a good high frequency layout is the Evalua- 
tion Board shown below. 
Evaluation Board 


An evaluation board is available for the HFA1130. Please 
contact your local sales office for information. 


The layout and schematic of the board are shown here: 


FIGURE 2. BOARD SCHEMATIC 
TOP LAYOUT 


BOTTOM LAYOUT 
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Die Characteristics 


DIE DIMENSIONS: 
63 x 44 x 19+ Imils 
1600um x 1130um +25.4um 


METALLIZATION: 
Type: Metal 1: AlCu(2%)/TIW Type: Metal 2: canoe | 
Thickness: Metal 1: 8 +0.4kA Thickness: Metal 2: 16kA + 0.8kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 4kA + 0.5kA 


DIE ATTACH: 
Material: Epoxy - Plastic DIP and SOIC 
Gold Eutectic - Ceramic DIP 


WORST CASE CURRENT DENSITY: 
0.909 x 10° A/cm? 


TRANSISTOR COUNT: 52 
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-) 


Metallization Mask Layout 
HFA1130 


TF BO0O70A Ke ee te ee ee a OS 
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Typical Performance CurveS Vegyppyy = +5V, Rr = 5109, T, = +25°C, R,, = 1002 Unless Otherwise Specified. 


OUTPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


5ns/DIV 
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10ns/DIV 10ns/DIV 


FIGURE 5. UNCLAMPED PERFORMANCE FIGURE 6. CLAMPED PERFORMANCE 
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Typical Performance Curves Vgyppy =+5V, Rr = 5102, Ts = +25°C, R, = 100 Unless Otherwise Specified. (Continued) 
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FIGURE 11. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
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FIGURE 13. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
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FIGURE 10. FREQUENCY RESPONSE FOR VARIOUS LOAD 
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FIGURE 12. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
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Typical Performance Curves Vsyppiy = +5V, Rr = 5109, Ts = +25°C, R, = 1002. Unless Otherwise Specified. (Continued) 
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FIGURE 17. SETTLING RESPONSE 
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FIGURE 19. 2nd HARMONIC DISTORTION vs Pour 
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Typical Performance Curves Vgyppyy = +5V, Re = 5100, Ty = +25°C, Ri, = 1002. Unless Otherwise Specified. (Continued) — 
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FIGURE 21. OVERSHOOT vs INPUT RISE TIME 
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FIGURE 22. OVERSHOOT vs INPUT RISE TIME 
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Typical Performance Curves Veyppry = +5V, Ag = 5100, Ts = +25°C, Ri, = 1000. Unless Otherwise Specified. (Continued) 
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ICL76XX Series Low Power 


March 1993 CMOS Operational Amplifiers 
Features Description 
¢ Wide Operating Voltage Range............ +1V to+8V The ICL761X/762X/764X series is a family of monolithic 
° High Input Impedance... ..-.s<--..-.2cecn2. 10120 CMOS operational amplifiers. These devices provide the 


designer with high performance operation at low supply 
¢ Programmable Power Consumption ....Low as 20uW voltages and selectable quiescent currents, and are an ideal 


design tool when ultra low input current and low power 
¢ Input Current Lower Than BIFIETs.......... 1pA Typ 9 i same 


dissipation are desired. 
* Output Voltage Swing .................+. V+andV- The basic amplifier will operate at supply voltages ranging 
e Input Common Mode Voltage Range Greater Than from +1V to +8V, and may be operated from a single Lithium 
Supply Rails (ICL7612) cell. 


: : A unique quiescent current programming pin allows setting 
Applications of standby current to 1mA, 100A, or 101A, with no external 
components. This results in power consumption as low as 
20uW. The output swing ranges to within a few millivolts of 
¢ Telephone Headsets the supply voltages. 


e Portable Instruments 


¢ Hearing Aid/Microphone Amplifiers Of particular significance is the extremely low (1pA) input 
current, input noise current of 0.01pA/VHz, and 10'2Q input 
impedance. These features optimize performance in very 
e Medical Instruments high source impedance applications. 


e Meter Amplifiers 


¢ High Impedance Buffers The inputs are internally protected. Outputs are fully 
protected against short circuits to ground or to either supply. 


AC performance is excellent, with a slew rate of 1.6V/us, and 
unity gain bandwidth of 1MHz at Ig = 1mA. 


Because of the low power dissipation, junction temperature 
rise and drift are quite low. Applications utilizing these fea- 
tures may include stable instruments, extended life designs, 


or high density packages. 
Pinouts (See Ordering Information on Next Page) 
1CL7611, ICL7612 1CL7611, ICL7612 
(PDIP, SOIC) (METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 291 9.1 
Copyright © Harris Corporation 1993 2-670 


ICL7611, ICL7612 


Ordering Information 


[vtucen | “Mmanoe™ | moor 
NUMBER RANGE 


dj 

ray) 
ICL7612ACPA 0°C to +70°C 8 Lead Plastic DIP - A Grade = 

i 
ICL7612BCPA 0°C to +70°C 8 Lead Plastic DIP - B Grade = x 
ICL7612DCPA 0°C to +70°C 8 Lead Plastic DIP - D Grade a = 


ICL7612ACTV 0°C to +70°C 8 Lead TO-99 Metal Can - A Grade 
ICL7612BCTV 0°C to +70°C 8 Lead TO-99 Metal Can - B Grade 
ICL7612DCTV 0°C to +70°C 8 Lead TO-99 Metal Can - D Grade 


ICL7612AMTV -55°C to +125°C 8 Lead TO-99 Metal Can - A Grade 
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Specifications ICL7611, ICL7612 


Absolute Maximum Ratings Operating Conditions 
ODD Voltage V4 90 ES oc oio's oles ons ve eaeee e. ek 18V Operating Temperature Range 
MNMEN Ne aos Baise ca oc a ha aS mows V- -0.3 to V+ +0.3V RF QME eos ook Se: ep awimeniic sce ~55°C < Ty < +125°C 
Differential Input Voltage (Note 1).......... [(V+ +0.3) - (V- -0.3)]V ORG) 2 - ° Sens Seen on ee gles 0°C < Ty < +70°C 
Duration of Output Short Circuit (Note 2).............. Unlimited Storage Temperature Range............... -65°C < Ty < +150°C 
Power Dissipation 

BET © 42B 5 ecg cccs cee oo Bees Tl week 250mW 

Above T, = 425°C... seeseew errs Derate Linearly 2mW/°C 
Junction Temperature... . 0... Se ee nek +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vgyppiy = +5.0V, Ty= +25°C, Unless Otherwise Specified 


_. ICL7612A ICL7612B ICL7612D 
PARAMETERS | SYMBOL CONDITIONS | MIN | TYP | MAX| MIN | TYP | MAX] MIN | TYP | MAX: 


Input Offset Voltage Vos Rg < 100kQ, Ty = +25°C fe as ee eS oe Lp | 
ead 

Temperature AVos/AT | Rg s 100kQ 

Coefficient of Vos 

Ta +25°C 


Input Offset Current 
Input Bias Current 
0°C to +70°C 
-55°C to +125°C 
Common Mode Vomr = 10pA 
Voltage Range 
(Except ICL7612) 


Extended Common 
Mode Voltage Range 
(ICL7612 Only) 
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Vout fla 
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Specifications ICL7611, ICL7612 
Electrical Specifications Vsyppyy = +5.0V, Ta= +25°C, Unless Otherwise Specified (Continued) 
secre ICL7612A ICL7612B ICL7612D 
PARAMETERS | SYMBOL 


CONDITIONS 
Large Signal Voltage 


[MIN 
los 10uA | 80 | 
SC HS 


| 104 | 

pas] 

cree 
Vo = +4.0V, | Ta = +25°C 

beat sre feo | 

55°C to+125°C | 74 | - | 

| 83 | 

aes 

55°C to +125°C pee 


Unity Gain Bandwidth | GBW |lg=10uA | = [0.044] 
; T= foas 

ew 

ot 


aCe 

ho 
Common Mode CMRR_ | Rg < 100kQ, Ig = 10HA | 76 | 96 | 
ot 


Rejection Ratio Rg $ 100kQ, Iq = 100pA 
Rs $ 100kQ, lq = 1mA | 66 | 87 | 
Rg $ 100k9, Iq = 10nA | 80 | 94 | 


Rg < 100kKQ, Iq = 100nA | 80 | 
Rg < 100kQ, Ig = 1mA 77 


Rg = 100Q, f = 1kHz 


Rg = 100Q, f = 1kHz ae 
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Power Supply 
Rejection Ratio 
VsuppLy = +8V to +2V 


input Referred Noise 
Voltage 
Input Referred Noise 
Current 


Supply Current 


Isuppry | No Signal, 
No Load 


Channel Separation VoW/Voe2 | Ay = 100 


Ay =1, 


§ 


on = 100pF Ry. 


i" 
= 
re) 


Slew Rate 


adh 
3 


Vin=50mV, 
C, = 100pF 


Ig=1 ’ 
R, = 


4 
ES RAnB EME: 
rartar at aia ete 
eater teal 


i 
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ee ae 
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Specifications ICL7611, ICL7612 


Electrical Specifications —Vgyppyy = +5.0V, T= +25°C, Unless Otherwise Specified (Continued) 


ICL7611A, 1CL7611B, 1CL7611D, 
TEST ICL7612A 1CL7612B 1CL7612D 
PARAMETERS conpirions [wn [ve [wax] wan [7¥P [wax] win [ TvP [WAX 


Overshoot Factor Vin=50mV, |lg = 10pA, 
Cc. = 100pF R, = 1MQ 


NOTES: 
1. Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 


2. The outputs may be shorted to ground or to either supply, for Vsypp < 10V. Care must be taken to insure that the dissipation rating is not 
exceeded. 


Electrical Specifications Vsyppry = +1.0V, Iq = 101A, Ta= +25°C, Unless Otherwise Specified 


oak ICL7611A, ICL7612A | 1CL7611B, ICL7612B 
PARAMETERS CONDITIONS 
Input Offset Voltage Vos | Rg < 100kQ| T, = +25°C eRe elise fe 
TwwSTaSTwax] - | - | 3 _ 
CMR 


MIN | 
kee 
aa 
Temperature Coeticient ofVos| AVog/AT [Restomn | | ot | 
Cs Sa ee ee ee ee 
a eS 

— 

ee 


BOORBE 


Weal omaoe 
WBoBinG. — mee 
CEs <i De a 

een eS aa 
(Except ICL7612) 
ce 
Voltage Range (ICL7612 Only) 
i alt lial iad ee” Ee 

wciowoc | aoee | - | - | 2096 | 
Large Signal Voltage Gain Vo = +0.1V, ce ee Poe eee 
fewseaewencer | Ne [cit’ Pewee fet te 
[univ Gain sandwian ———| caw tS = 
pearance tl et Mis 
[CommonoseRejecionRato| owAA [Reston «= ~<dt wo | | - | | 
Power Supe ejecton Rao | PSAR [Restoqn | - [eo] - | - | 
Input ReforedNoice Votage | oy [Re t00a,t=wrz | - | 10] - | - | 100] 

i 


Supply Current No Signal, No Load 


Slew Rate 
Vin = 0.2Vp.p, Ry, = 1MQ 

Rise Time tr Vin = 50mV, C, = 100pF 
R, = 1MQ 

Overshoot Factor Vin = 50mV, C, = 100pF, 
R, = 1MQ 
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Ay = 1, C, = 100pF, 
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Specifications ICL7611, ICL7612 


Functional Diagram 
Ig 
INPUT STAGE SETTING STAGE OUTPUT STAGE 
prot ee, poe ey —_—_—_ OS 
= = 
BAL 
3 
+INPUT 
OUTPUT 
4NPUT 
5 V- 
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Typical Performance Curves 
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FIGURE 2. SUPPLY CURRENT PER AMPLIFIER vs FREE-AIR 
TEMPERATURE 
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FIGURE 4. LARGE SIGNAL DIFFERENTIAL VOLTAGE GAIN vs 
FREE-AIR TEMPERATURE 
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FIGURE 6. COMMON MODE REJECTION RATIO vs FREE-AIR 
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Typical Performance Curves (Continued) 


3V < Vsupp < 16V 


SUPPLY VOLTAGE REJECTION RATIO (dB) 
EQUIVALENT INPUT NOISE VOLTAGE (nV/VHz) 
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FREE-AIR TEMPERATURE (°C) FREQUENCY (Hz) 
FIGURE 7. POWER SUPPLY REJECTION RATIO vs FREE-AIR FIGURE 8. EQUIVALENT INPUT NOISE VOLTAGE vs 
TEMPERATURE FREQUENCY 
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FIGURE 11. OUTPUT VOLTAGE vs SUPPLY VOLTAGE FIGURE 12. OUTPUT VOLTAGE vs FREE-AIR TEMPERATURE 
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Typical Performance Curves (Continued) 
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FIGURE 13. OUTPUT SOURCE CURRENT vs SUPPLY VOLTAGE 
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FIGURE 14. OUTPUT SINK CURRENT vs SUPPLY VOLTAGE 
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FIGURE 16. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
RESPONSE (Ig = 1mA) 
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Detailed Description 
Static Protection 


All devices are static protected by the use of input diodes. 
However, strong static fields should be avoided, as it is 
possible for the strong fields to cause degraded diode 
junction characteristics, which may result in increased input 
leakage currents. 


Latchup Avoidance 


Junction-isolated CMOS circuits employ configurations 
which produce a parasitic 4-layer (p-n-p-n) structure. The 4- 
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than 0.3V beyond the 
supply rails may be applied to any pin. In general, the op- 
amp supplies must be established simultaneously with, or 
before any input signals are applied. If this is not possible, 
the drive circuits must limit input current flow to 2mA to 
prevent latchup. 


Choosing the Proper lg 


The ICL7611 and ICL7612 have a similar lg set-up scheme, 
which allows the amplifier to be set to nominal quiescent cur- 
rents of 10uA, 100A or 1mA. These current settings 
change only very slightly over the entire supply voltage 
range. The ICL7611/12 have an external Ig control terminal, 
permitting user selection of quiescent current. To set the Io 
connect the Ig terminal as follows: 


lq = 10pA - Ig pin to V+ 


lq = 100/A - Iq pin to ground. If this is not possible, any volt- 
age from V+ - 0.8 to V- +0.8 can be used. 


lq = 1mA- Ig pin to V- 


NOTE: The output current available is a function of the quiescent 
Current setting. For maximum p-p output voltage swings into low 
impedance loads, Ig of 1mA should be selected. 


Output Stage and Load Driving Considerations 


Each amplifiers’ quiescent current flows primarily in the 
output stage. This is approximately 70% of the Iq settings. 
This allows output swings to almost the supply rails for 
Output loads of 1MQ, 100kQ, and 10kQ, using the output 
stage in a highly linear class A mode. In this mode, cross- 
over distortion is avoided and the voltage gain is maximized. 
However, the output stage can also be operated in Class AB 
for higher output currents. (See graphs under Typical 
Operating Characteristics). During the transition from Class 
A to Class B operation, the output transfer characteristic is 
non-linear and the voltage gain decreases. 


Input Offset Nulling 


Offset nulling may be achieved by connecting a 25K pot 
between the BAL terminals with the wiper connected to V+. At 
quiescent currents of 1mA the nulling range provided is ade- 
quate for all Vog selections; however with Iq = 10yNA and 
100A, nulling may not be possible with higher values of Vos. 


Frequency Compensation 


The ICL7611 and ICL7612 are internally compensated, and 
are stable for closed loop gains as low as unity with capaci- 
tive loads up to 100pF. 


Extended Common Mode Input Range 


The ICL7612 incorporates additional processing which 
allows the input CMVR to exceed each power supply rail by 
0.1V for applications where Vsypp 2 +1.5V. For those 
applications where Vsypp < +1.5V the input CMVR is limited 
in the positive direction, but may exceed the negative supply 
rail by 0.1V in the negative direction (e.g. for Vsypp = £1.0V, 
the input CMVR would be +0.6V to -1.1V). 


Operation At Vsypp = +1.0V 


Operation at Vsypp = +1.0V is guaranteed at Ig = 101A for A 
and B grades only. 


Output swings to within a few millivolts of the supply rails are 
achievable for RL 2 1MQ Guaranteed input CMVR is +0.6V 
minimum and typically +0.9V to -0.7V at Vsypp = £1.0V. For 
applications where greater common mode range is desir- 
able, refer to the description of ICL7612 above. 


Applications 


The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and 
noise pickup. 


Note that in no case is lg shown. The value of Ig must be 
chosen by the designer with regard to frequency response 
and power dissipation. 


VIN 
Vout 
R, 2 10k 
FIGURE 19. SIMPLE FOLLOWER* 
+5 +5 
Vin 

Vout 

400k TO CMOS OR 
LPTTL LOGIC 


1M 


FIGURE 20. LEVEL DETECTOR* 


* By using the ICL7612 in this application, the circuit will follow rail to 
rail inputs. 
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v 
me DUTY CYCLE 


680kQ 


WAVEFORM GENERATOR 


* Low leakage currents allow integration times up to several hours. Since the output range swings exactly from rail to rail, frequency and 


duty cycle are virtually independent of power supply variations. 


FIGURE 21. PHOTOCURRENT INTEGRATOR FIGURE 22. PRECISE TRIANGLE/SQUARE WAVE GENERATOR 


+8V 


Ta = +125°C 


COMMON 


FIGURE 23. AVERAGING AC TO DC CONVERTER FOR A/D CON- 


VERTERS SUCH AS ICL7106, ICL7107, ICL7109, 
1CL7116, ICL7117 


FIGURE 24. BURN-IN AND LIFE TEST CIRCUIT 


BAL Vout 


V+ 
FIGURE 25. Vos NULL CIRCUIT 
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0.2uF 


.2uF 
“re 0.2uF 


30k 160k 


680k 100k 51k 


INPUT 
ete OUTPUT 


The low bias currents permit high resistance and low capacitance values to be used to achieve low frequency cutoff. 
fo = 10HZz, Ayo, = 4, Passband ripple = 0.1dB. 


*Note that small capacitors (25 - 50pF) may be needed for stability in some cases. 


FIGURE 26. FIFTH ORDER CHEBYSHEV MULTIPLE FEEDBACK LOW PASS FILTER 
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aia ICL7621,ICL7641 
SEMICONDUCTOR ICL7642 


ICL76XX Series Low Power 


uD 


March 1993 CMOS Operational Amplifiers 
Features . Description 
e Wide Operating Voltage Range............ +1Vto+8V The ICL761X/762X/764X series is a family of monolithic 
; CMOS operational amplifiers. These devices provide the 
12 
* High Input Impedance ....-.........0..+0e. tora designer with high performance operation at low supply 
e Input Current Lower Than BIFIETs.......... 1pA Typ voltages and selectable quiescent currents. They are an 
ideal design tool when ultra low input current and low power 
¢ Output Voltage Swing ..........2eeeeeees V+ and V- dissipation are desired. 
z aca as Duals and Quads (Refer to ICL7611 for the basic amplifier will operate at supply voltages ranging 


from +1V to +8V, and may be operated from a single Lithium 


¢ Low Power Replacement for Many Standard Op Amps ___ Cell. The output swing ranges to within a few millivolts of the 
supply voltages. 


Applications The quiescent supply current of these amplifiers is set to 3 
different ranges at the factory. Both amps of the dual 
ICL7621 are set to an Ig of 100LA, while each amplifier of 
e Telephone Headsets the quad ICL7641 and ICL7642 are set to an Ig of 1mA and 
101A respectively. This results in power consumption as low 
as 20uW per amplifier. 


e Portable Instruments 


e Hearing Aid/Microphone Amplifiers 
* Meter Amplifiers Of particular significance is the extremely low (1pA) input 
e Medical Instruments current, input noise current of 0.01pA/VHz, and 10'2Q input 
impedance. These features optimize performance in very 
high source impedance applications. 


High Impedance Buffers 


The inputs are internally protected. Outputs are fully 
protected against short circuits to ground or to either supply. 


AC performance is excellent, with a slew rate of 1.6V/us, and 
unity gain bandwidth of 1MHz at Iq = 1mA. 


Because of the low power dissipation, junction temperature 
rise and drift are quite low. Applications utilizing these 
features may include stable instruments, extended life 
designs, or high density packages. 


Pinouts (See Ordering Information on Next Page) 


ICL7621 ICL7621 ICL7641 (PDIP) 
(PDIP, SOIC) (METAL CAN) ICL7642 (CDIP, PDIP) 
TOP VIEW TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3403 
Copyright © Harris Corporation 1993 2-682 


ICL7621, ICL7641, ICL7642 


Ordering Information 
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Specifications ICL7621, ICL7641, ICL7642 


Absolute Maximum Ratings Operating Conditions 
Supply Voltage V+ to V=... cca cee ew ce ee Vee ace wnsecees 18V Operating Temperature Range 
WL VONMIG.. dies s vo cece cas cee es cen ee V- -0.3 to V+ +0.3V Ser reer eee -55°C < Ty $ +125°C 
Differential Input Voltage (Note 1)..,....... [(V+ +0.3) - (V- -0.3)]V ESE oo RAB TEAR SEEN mB oy eS ap ten 0°C < Ty < +70°C 
Duration of Output Short Circuit (Note Bhs a Rk es ee Unlimited Storage Temperature Range............... -65°C < Ty s +150°C 
Power Dissipation 
8 Lead Mini Dip and TO-99: 
I Tg ee SR hie setae See ogee 250mWw 
Above Ty = 425°C 5. AU. ings Sok Derate Linearly 2mW/C 
14 Lead Plastic DIP: 
Atty =t25°C.... SUA als aie et 375mW 
ADOVE-T a wei es 5; sacs % cece Derate Linearly 3mW/°C 
14 Lead Ceramic DIP: 
AL Lo. SS ERR RR eR ura 500mW 
Above Ty = 425°C... nc eccncnncne Derate Linearly 4mW/C 
JUNCTION TOMPOFStUNeS 6 oa 05/24 we abo whe eiciels a cen’) pared 6 +175°C 
Junction Temperature (Plastic Package) ..............- +150°C 
Lead Temperature (Soldering 10 Sec.)..............6.- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppyy = +5.0V, Ta= +25°C, Unless Otherwise Specified 


Me aa <= = = 
PARAMETERS | SYMBOL CONDITIONS | Min | TYP | MAX | MIN | 

roa oe Se ee a BO 
Sell Mam OSI ccc a ae ce 


Temperature AVo</AT | Rg s 100kQ 
Coefficient of 
Vos 
Input Offset Ta = +25°C 
Current 

0°C to +70°C 
-55°C to +125°C 


co sn 


0°C to +70°C 


-55°C to +125°C 


Common Mode Vomr lo = 100pA 
Voltage Range 
Output Voltage lg=100pA, | T, = +25°C 49 
R, = 100kQ 

3 0°C to 70°C 4.8 
-55°C to +125°C | +4.5 
Vo = +4.0V, | Ty = +25°C 
R, = 100 
is bs 0°C to +70°C 
-55°C to +125°C 


Common Mode | CMRR ei 100kQ, Iq = 100A 
Rejection Ratio 


-~ 
rh 
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~ 
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eta} elt dal tt ttle tte) at da 
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Specifications ICL7621, ICL7641, ICL7642 


Electrical Specifications Vsyppiy = +5.0V, Ta= +25°C, Unless Otherwise Specified (Continued) 


TEST 
PARAMETERS | SYMBOL CONDITIONS rMin | tye | Max] min | TyP | Max] MIN | TYP | MAX 


Power Supply Rg $ 100kQ, Iq = 100pA 
Rejection Ratio 
Vsuppcy = +8V 


Input Referred Rs = 100Q, f = 1kHz 


Noise 


Rg = 100Q, f = 1kHz 


Supply Current IsuPPLY No Signal, No Load, 
(per Amplifier) lq = 100pA 

Channel Vo1/Vo2 | Ay = 100 
Separation 


Slew Rate Ay = 1, C, = 100pF 
Vin = 8Vp-p, Iq = 100pA, 
R, = 100kQ 
Rise Time ta Vin = 50mV, C, = 100pF 
Iq = 100A, R, = 100kQ 
Overshoot Vin = 50mV, Ch = 100pF 
Factor lq = 100pA, Ry, = 100kQ 
NOTES: 


1. Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 


2. The outputs may be shorted to ground or to either supply, for Vsypp < 10V. Care must be taken to insure that the dissipation rating is not 
exceeded. 


Electrical Specifications Vsypp,y = +5.0V, T= +25°C, Unless Otherwise Specified 


TEST 
PARAMETERS SYMBOL CONDITIONS 


Input Offset Voltage Vos [Rss 100kQ Ta = +25°C 
Temperature Coefficient | AVos/AT | Rg < 100kQ 
of Vos 


Input Offset Current Ta = +25°C 
0°C to +70°C 
-55°C to +125°C 


Input Bias Current ie 


Common Mode Voltage Vomr 
Range 
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Specifications ICL7621, ICL7641, ICL7642 


Electrical Specifications Voyppiy = +5.0V, Ta= +25°C, Unless Otherwise Specified (Continued) 


TEST ICL7641C, ICL7642C | ICL7641E, ICL7642E 
—— cogs eee eee UNITS 


ec eee wer | 

Pe ee ee 

Large Signal Voltage ICL7642, 2 aCe 
ome 

ees 

= 

seas 


<j< 


|e 
wm] N 


M4 
43 
ra) 


+ 
= 
oO 


Gain Vo = +4.0V, 
R = 1MQ, 0°C to +70°C 
Iq = 10pA -55°C to +125°C P 68 
ICL7641, T, = +25°C 
Vo = +4.0V, 
R, = 10ka, octo+70°C | 72 | 
lq= 1mA -55°C to +125°C | - 9 
Unity Gain Bandwidth GBW_ | ICL 7642, Ig = 10NA | = | 0.044 | 


ICL 7641, Iq = 1mA 


Common Mode Rejec- CMRR_ | ICL7642, Rg < 100kQ, Iq = 10pA 70 


tion Ra 
33 ICL7641, Rg < 100kO, Iq = 1mA 


Power Supply Rejection ICL7642, Rg < 100kQ, Iq = 10pA 
Ratio 

Input Referred Noise = 100Q, f = 1kHz 

Voltage 

Input Referred Noise = 100Q, f = 1kHz 

Current 


Supply Current lsuppry | No Signal, No son | 
ICL7641, 
lq = 1mA High 
Bias 


ola i 
miki =| 


(per Amplifier) 
Channel Separation Voi/Voe | Ay = 100 


Slew Rate aoe 


0.016 


Vin = 5OmvV, ICL7642, 
C = 100pF lq = 10nA, 
R, = 1MQ 


te] at eels] ef A al slols]elol 3] |e[9]=|9]5]s|-]-|-|- 


~~ ~ 
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Specifications ICL 7621, ICL7641, ICL7642 


Electrical Specifications Vyppyy = +5.0V, Ta= +25°C, Unless Otherwise Specified (Continued) 


TEST ICL7641C, ICL7642C ICL7641E, ICL7642E 
PARAMETERS CONDITIONS 


Lin | rye | max | in | 
ae. 


NOTES: 
1. Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 


2. The outputs may be shorted to ground or to either supply, for Vsypp < 10V. Care must be taken to insure that the dissipation rating is not 
exceeded. 


Electrical Specifications Vsyppyy = +1.0V, Ig = 10pA, Ty= +25°C, Unless Otherwise Specified 


aan ICL7642C | 
PARAMETERS SYMBOL CONDITIONS | MIN | TYP | MAX — 
Vos 


ail 
<q Y”) 
Input Offset Voltage meme dT te fe ee 
— i 
Tun $ Ta Twax |: | 8 ee 
Temperature Coefficient of V, AVos/AT VPC Ww Ss 
os og ee ee 


Input Offset Current Ta = +25°C 
0°C to +70°C 
Ta = +25°C 


0°C to +70°C 


Beas ne 
900... | 
Be een ae 
S800 pore | 
Vv 
oe | - [|v _ 
a 
a 
Bae 
oa | - | we 
ot 
a 
pee 
ee 
| 
Se 
Sa 
Vi/us 


Input Bias Current IBias 


H 
o 
cep) 


Common Mode Voltage Range Vomr 


Output Voltage Swing 


; 
5 


Ta = +25°C 
0°C to 70°C 
Vo=10.1V, |T]=+425°C 
lee 0°C to +70°C 


Large Signal Voltage Gain 


Unity Gain Bandwidth 

Input Resistance 

Common Mode Rejection Ratio CMRR Rg s 100kQ 
Power Supply Rejection Ratio 


Input Referred Noise Voltage 


Rs = 100Q, f = 1kHz 

Rs = 1009, f = 1kHz 

No Signal, No Load 
= 100 


Ay «1, C. = 100pF, Vin = 0.2Vp.p, 
Ry = 1MQ 


Vin = 50mV, Cc, = 100pF Ri. = 1MQ 
Vin = 50mV, C, = 100pF, R, = 1MQ 


Input Referred Noise Current 


Supply Current (Per Amplifier) IsupPLy 


Channel Separation Vo1/Voe 


I 


Rise Time 


“+ Sfs{-[els[ele[sf alee 


Overshoot Factor 


” 
® 
& 
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ICL7621, ICL7641, ICL7642 


Functional Diagram 
la 
INPUT STAGE SETTING STAGE OUTPUT STAGE 
oe rm! Nea, power ey, eae oc ae nt a enamine 
D V+ 
+INPUT 
OUTPUT 
4NPUT 
V- 


rasworaowrens | 
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ICL7621, ICL7641, ICL7642 


Typical Performance Curves 


10K 
Ta= +25°C 
NO LOAD 
NO SIGNAL 
q 1K 
~ 
=z 
pe 
Cc 
= 100 
© 
| 
a 
a. 
| 
eo +40 
1 
SUPPLY VOLTAGE (V) 
FIGURE 1. SUPPLY CURRENT PER AMPLIFIER vs SUPPLY 
VOLTAGE 
1000 
V+ =+5V 
V- = -5V 
ry 100 
= 
= RESTS mY 
. eer, 
Be 4 ee 
< 
a 
3 
Sti 


+25 +50 +75 
FREE-AIR TEMPERATURE (°C) 


FIGURE 3. INPUT BIAS CURRENT vs TEMPERATURE 


+100 +125 


Ta = +25°C 
Vsupp = 15V 


. 
PHASE SHIFT * 
(lq = 1mA) ‘ 


0.1 1.0 10 100 1k 10k 


FREQUENCY (Hz) 
FIGURE 5. LARGE SIGNAL FREQUENCY RESPONSE 


PHASE SHIFT (DEGREES) 


2-689 


- 

= 

VT) 

ec 

£10? 

© 

a 

a. 

a. 

=] 

” 10 

) 
-50 -25 0 +25 +50 +75 +100 +125 
FREE-AIR TEMPERATURE (°C) 
FIGURE 2. SUPPLY CURRENT PER AMPLIFIER vs FREE-AIR 
TEMPERATURE 
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DIFFERENTIAL VOLTAGE GAIN (kV/V) 


#25 +50 +75 +100 +125 
FREE-AIR TEMPERATURE (°C) 


FIGURE 4. LARGE SIGNAL DIFFERENTIAL VOLTAGE GAIN vs 
FREE-AIR TEMPERATURE 


Vsupp = 10V 


COMMON MODE REJECTION RATIO (dB) 


-50 


-25 0 +25 +50 +75 +100 +125 
FREE-AIR TEMPERATURE (°C) 


FIGURE 6. COMMON MODE REJECTION RATIO vs FREE-AIR 
TEMPERATURE 
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Typical Performance Curves (continued) 


Test TTT fave 


100 


Ta = +25°C 
3V < Vsupp s 16V 


SUPPLY VOLTAGE REJECTION RATIO (dB) 
EQUIVALENT INPUT NOISE VOLTAGE (nV/VHz) 


65 
-75 50 -25 0 +25 +50 +75 +100 +125 10 100 1k 10k 100k 
FREE-AIR TEMPERATURE (°C) FREQUENCY (Hz) 
FIGURE 7. POWER SUPPLY REJECTION RATIO vs FREE-AIR FIGURE 8. EQUIVALENT INPUT NOISE VOLTAGE vs 
TEMPERATURE FREQUENCY 


Ta = +25°C 
= Iqg=imA 
mm ig = 10nA 
ree Ig =100NA 


MAXIMUM PEAK-TO-PEAK 


OUTPUT VOLTAGE (Vp.p) 
MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE (Vp.p) 


100 1k 10k 100k 1M 10M 10k 100k pas 10M 
FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 9. OUTPUT VOLTAGE vs FREQUENCY FIGURE 10. OUTPUT VOLTAGE vs FREQUENCY 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE (Vp.p) 
MAXIMUM PEAK-TO-PEAK 

OUTPUT VOLTAGE (Vp.p) 


0 
75 -50 -25 A) +25 +50 +75 +100 +125 
SUPPLY VOLTAGE (V) FREE-AIR TEMPERATURE (°C) 


FIGURE 11. OUTPUT VOLTAGE vs SUPPLY VOLTAGE FIGURE 12. OUTPUT VOLTAGE vs FREE-AIR TEMPERATURE 
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ICL7621, ICL7641, ICL7642 


Typical Performance Curves (continued) 
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FIGURE 13. OUTPUT SOURCE CURRENT vs SUPPLY VOLTAGE FIGURE 14. OUTPUT SINK CURRENT vs SUPPLY VOLTAGE 
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Ry = 10kQ, Cy = 100pF 
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MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE (Vp.p) 
o 


INPUT AND OUTPUT VOLTAGE (V) 


0.1 100 
pee pec cide, oes 0 2 4 6 8 10 12 
TIME (us) 
FIGURE 15. OUTPUT VOLTAGE vs LOAD RESISTANCE FIGURE 16. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 


RESPONSE (Ig = 1mA) 


Ta = +25°C, Vsupp = 10V 
Ry = 100kQ, Cy = 100pF 


Ta = +25°C, Vsupp = 10V 
R, = 1MQ, C, = 100pF 


INPUT AND OUTPUT VOLTAGE (V) 
INPUT AND OUTPUT VOLTAGE (V) 


0 20 40 60 80 100 120 0 200 400 600 800 1000 1200 
TIME (ys) TIME (ys) 
FIGURE 17. VOLTAGE FOLLOWER LARGE SIGNAL PULSE FIGURE 18. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
RESPONSE (Ig = 100A) RESPONSE (Ig = 101A) 
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ICL7621, ICL7641, ICL7642 


Detailed Description 
Static Protection 


All devices are static protected by the use of input diodes. 
However, strong static fields should be avoided, as it is 
possible for the strong fields to cause degraded diode 
junction characteristics, which may result in increased input 
leakage currents. 


Latchup Avoidance 


Junction-isolated CMOS circuits employ configurations 
which produce a parasitic 4-layer (p-n-p-n) structure. The 4- 
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than 0.3V beyond the 
supply rails may be applied to any pin. In general, the op- 
amp supplies must be established simultaneously with, or 
before any input signals are applied. If this is not possible, 
the drive circuits must limit input current flow to 2mA to 
prevent latchup. 


Choosing the Proper Ig 


Each device in the ICL76XX family has a similar lg set-up 
scheme, which allows the amplifier to be set to nominal 
quiescent currents of 10nA, 100A or 1mA. These current 
settings change only very slightly over the entire supply 
voltage range. The ICL7611/12 have an external Ig control 
terminal, permitting user selection of each amplifiers’ quies- 
cent current. The ICL7621 and ICL7641/7642 have fixed Ig 
settings: 


ICL7621 (Dual) - lg = 100A 
ICL7641 (Quad) -lqg=1mA 
ICL7642 (Quad) - lq = 10HA 


NOTE: The output current available is a function of the qui- 
escent current setting. For maximum p-p output voltage 
swings into low impedance loads, Iq of 1mA should be 
selected. 


Output Stage and Load Driving Considerations 


Each amplifiers’ quiescent current flows primarily in the out- 
put stage. This is approximately 70% of the Ig settings. This 
allows output swings to almost the supply rails for output 
loads of 1MQ, 100kQ, and 10kQ, using the output stage in a 
highly linear class A mode. In this mode, crossover distortion 
is avoided and the voltage gain is maximized. However, the 
output stage can also be operated in Class AB for higher 
output currents. (See graphs under Typical Operating Char- 
acteristics). During the transition from Class A to Class B 
operation, the output transfer characteristic is non-linear and 
the voltage gain decreases. 


Frequency Compensation 


The ICL76XxX are internally compensated, and are stable for 
closed loop gains as low as unity with capacitive loads up to 
100pF. 


Operation At Vsypp = +1.0V 


Operation at Vsypp = +1.0V is guaranteed for the ICL7642C 
only. 


Output swings to within a few millivolts of the supply rails are 
achievable for R, 2 1MQ Guaranteed input CMVR is +0.6V 
minimum and typically +0.9V to -0.7V at Vsupp = +1.0V. For 
applications where greater common mode range is 
desirable, refer to the |CL7612 data sheet. 


Applications 


The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and 
noise pickup. 


Note that in no case is Ig shown. The value of Iq must be 
chosen by the designer with regard to frequency response 
and power dissipation. 


VIN 
© Vout 
Ry 2 10kQ 
FIGURE 19. SIMPLE FOLLOWER 
+5 +5 
VIN 

Teles’ OF 

100KD LPTTL LOGIC 


1MQ 


FIGURE 20. LEVEL DETECTOR* 


* By using the ICL7612 in this application, the circuit will follow rail to 
rail inputs. 
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DUTY CYCLE 
680kQ 


WAVEFORM GENERATOR 


* Low leakage currents allow integration times up to several hours. Since the output range swings exactly from rail to rail, frequency and 
duty cycle are virtually independent of power supply variations. 


FIGURE 21. PHOTOCURRENT INTEGRATOR FIGURE 22. PRECISE TRIANGLE/SQUARE WAVE GENERATOR 


1MQ 


+8V 


Ta =+1 25°C 
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COMMON 


FIGURE 23. AVERAGING AC TO DC CONVERTER FOR A/D FIGURE 24. BURN-IN AND LIFE TEST CIRCUIT 
CONVERTERS SUCH AS ICL7106, 1ICL7107, 
1CL7109, ICL7116, ICL7117 


0.2uF 


0.2uF 
‘2 0.2uF 


30kQ 160k2 
680kQ 100kQ 51kQ 


INPUT 
OUTPUT 


The low bias currents permit high resistance and low capacitance values to be used to achieve low frequency cutoff. 
fo = 10HZ, Ayo, = 4, Passband ripple = 0.1dB 


*Note that small capacitors (25 - 50pF) may be needed for stability in some cases. 


FIGURE 26. FIFTH ORDER CHEBYSHEV MULTIPLE FEEDBACK LOW PASS FILTER 
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ICL7650S 


Super Chopper-Stabilized 
Operational Amplifier 


Features 


Guaranteed Max Input Offset Voltage for A// Tempera- 
ture Ranges 


Low Long-Term and Temperature Drifts of Input Offset 
Voltage 


Guaranteed Max Input Bias Current............ 10pA 


Extremely Wide Common Mode Voltage Range: +3.5 to 
-5V 


Reduced Supply Current............eeeeeeees 2mA 


Guaranteed Minimum Output Source/Sink Current 


Description 


The ICL7650S Super Chopper-Stabilized Amplifier offers 
exceptionally low input offset voltage and is extremely stable 
with respect to time and temperature. It is a direct replace- 
ment for the industry-standard ICL7650 offering improved 
input offset voltage, /ower input offset voltage temperature 
coefficient, reduced input bias current, and wider common 
mode voltage range. All improvements are highlighted in 
bold italics in the Electrical Characteristics section. Critical 
parameters are guaranteed over the entire commercial, 
industrial and military temperature ranges. 


Harris’ unique CMOS chopper-stabilized amplifier circuitry is 
user-transparent, virtually eliminating the traditional chopper 


e Extremely High Gain esseeeseeeeeseeeeeesseess 150dB amplifier problems of intermodulation effects, chopping 

° Extremely High CMRR and PSRR............. 140dB Spikes, and overrange lock-up. 

© High Slew Fate... 5... c00cseghtcchsusccune 2.5V/iis The chopper amplifier achieves its low offset by comparing 
the inverting and non-inverting input voltages in a nulling 

¢ Wide Bandwidth...............222sseeeeees 2MHz amplifier, nulled by alternate clock phases. Two external 

° Unity-Gain Compensated capacitors are required to store the correcting potentials on 


Clamp Circuit to Avoid Overload Recovery Problems 
and Allow Comparator Use 


Extremely Low Chopping Spikes at Input and Output 
Characterized Fully Over A// Temperature Ranges 


Improved, Direct Replacement for Industry-Standard 
ICL7650 and other Second-Source Parts 


Pinouts (See Ordering Information on Next Page) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


the two amplifier nulling inputs; these are the only external 
components necessary. 


The clock oscillator and all the other control circuitry is 
entirely self-contained. However the 14-lead version 
includes a provision for the use of an external clock, if 
required for a particular application. In addition, the 
ICL7650S is internally compensated for unity-gain operation. 


ICL7650S ICL7650S ICL7650S 
(PDIP, SOIC) (TO-99 CAN) (PDIP, CDIP, SOIC) 
TOP VIEW TOP VIEW TOP VIEW 


N4| INT/EXT 

n3] EXT CLK IN 
H2| INT CLK OUT 
H1] V+ 

HO] OUTPUT 

19 | OUT CLAMP 


8 | CreTN 


File Number 2920.1 
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Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


ICL7650SCPA-1 0°C to +70°C 8 Lead Plastic DIP 


ICL7650SCBD 


ICL7650SIPA-1 


ICL7650S 


0°C to +70°C 14 Lead SOIC 


Functional Diagram 
INT/EXT ¢ A 
A 
EXT CLKIN © 
B 
CLK OUT * Cc 
INTERNAL 


BIAS + 


2-695 


ff Lil LS 
fee ee ec ee 
eames 3 were: SRS Nest: 

ie Sages Seo BEE 

pS AGES Bagh, willed | 


OPERATIONAL 


AMPLIFIERS 


Specifications ICL7650S 


Absolute Maximum Ratings Operating Conditions 
Supply Voltage (V+ tO V-) ieiwee re ces ce cree ewe ver eee. 18V Operating Temperature Range 
Input Voliage. . 0... hee eee. (V+ +0.3) to (V- -0.3) MATOROSS oo occ bs Shorter ab es 0°C < Ty < +70°C 
Voltage on Oscillator Control Pins ...............0008- V+ to V- (8. SR ASS eo eee S -25°C < Ty < +85°C 
Duration of Output Short Circuit.............. 0.00 ee Indefinite UCL ZO BIIGM «6 viens} tints oa Saws Cn eetty 4 of -55°C < Ty < +125°C 
AIT IDL Bh RN WN sow si cinvs sbmnstn-wie.cn gh din sanpccencnsyintbapeoa 10mA Storage Temperature Range............... -55°C < Ty, < +150°C 
While Operating (Note 1) ......... 0. cece cee eee eee 100pA 
Continuous Total Power Dissipation (T, = +25°C) 
a. co Reiger ta tite eres ee pee retess 500mW 
PROS FIs oc B58. 5s DUPRE a oe CARO do's oo SiO 375mW 
TOO GOR ee cieyesee reer eres CON OIE E es 250mW 
sunction Temperature 65 be a OY +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +5V, V- = -5V, T, = +25°C, See Test Circuit, Unless Otherwise Specified 


Input Offset Voltage (Note 2) 


0°C Ss Ta < +70°C 


sence [Pee 

ssornenre | 7 | [ef 
wast [woeenme «| = (| ome | | wre 

faweeneewe [= [eae | - | wre 

fareenevere | = | ow | | wre 
Se A 
Input Bias Current \\(+)l, |I(-)| Ipias Vo oe Se ee 
cence | - | | =| m_ 
awenewre | |= || om 
fwernevare | - |» |» | 
fereencvae | | | | om 
a a 
cence | - | || 
awornsers | - |» | # | 
fewonevare | - | # | # | om 
erence | - |» | | 
a oe aa i oF a 


Average Temperature Coefficient of | 
nput Offset Voltage (Note 2) 


Input Offset Current \\(-), |\(+)! 


2-696 


Specifications ICL7650S 


Electrical Specifications V+ = +5v, V- = -5V, T, = +25°C, See Test Circuit, Unless Otherwise Specified (Continued) 


Ri, = 10kQ, Vo = +4V, 
= +25°C 

0°C < Tas +70°C 

-25°C < Ty $ +85°C 

-55°C < Ty $ +125°C 
CMVR- |, =+25°C 

0°C < T, < +70°C 

-25°C < Ty S$ +85°C 

-55°C < Ty $ +125°C 
CMRR CMVR = -5V to +3.5V 

Ta = +25°C 

0°C < Ty $ +70°C 

-25°C < Ty < +85°C 

-55°C < Ty S$ +125°C 


V+, V- = +3V to t8V 


LIMITS 


OPERATIONAL 
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PARAMETER 


Large Signal Voltage Gain (Note 2) 


>t 
ne 


Output Voltage Swing (Note 3) +4.7 +4.85 


+4.95 


Common Mode Voltage Range (Note 2) 5.2to+4) +3.5 


3. 


nH 


$3.5 


o 
S 
BS) 
P 
S 
5 


Common Mode Rejection Ratio 
(Note 2) 


= 
N 


Power Supply Rejection Ratio 


Input Noise Voltage 


sdb 
enero 
— 
omwasworros if wee | 
pear 
omnes 
eens 
feesnsvare 


Supply Current ¥ No Load, T, = +25°C 
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Rg = 1009, 
f = DC to 10Hz 


LVp.p 


3 


GBW 
V/us 
ta 


Specifications ICL7650S 


Electrical Specifications v+ = +5v, V- = -5V, T, = +25°C, See Test Circuit, Unless Otherwise Specified (Continued) 


PARAMETER SYMBOL 


Output Source Current 


LIMITS 


TEST CONDITIONS 


0°C < Ty < +70°C 
-25°C < Ty s +85°C 


55°C < Ty < +125°C 


jwesnswese | 


oy Ry = 100kQ, Ty = +25°C 


Output Sink Current 


io) 
~J 
uo 


7 
Clamp OFF Current (Note 4) 


-4V < Vout s +4V, 
Ta = +25°C 


NOTES: 


1. Limiting input current to 100A is recommended to avoid latchup problems. Typically 1mA is safe, however this is not guaranteed. 


2. These parameters are guaranteed by design and characterization, but not tested at temperature extremes because thermocouple effects 
prevent precise measurement of these voltages in automatic test equipment. 


3. OUTPUT CLAMP not connected. See typical characteristic curves for output swing vs clamp current characteristics. 
4. See OUTPUT CLAMP under detailed description. 
5. All significant improvements over the industry-standard ICL7650 are highlighted in bold italics. 


Test Circuit 


OUTPUT 
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Typical Performance Curves 
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FIGURE 1. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 2. SUPPLY CURRENT vs AMBIENT TEMPERATURE 
au 
zc 
EL ei 
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E = ca. 
Ww 
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E re) 
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2 4 8 10 12 14 16 0 1 2 3 4 5 6 7 8 
ravi: SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (+V) 
FIGURE 3. MAXIMUM OUTPUT CURRENT vs SUPPLY FIGURE 4. COMMON MODE INPUT VOLTAGE RANGE vs 
VOLTAGE SUPPLY VOLTAGE 


100 


BROADBAND NOISE 
(Ay = 1000 


10Hz NOISE VOLTAGE (Vp-p) 
RO 


CLOCK RIPPLE DUE TO LEAKAGE CURRENT 
AT CAP PINS (uVp.p REFERRED TO INPUT) 
r=) 


25 50 75 100 125 150 10 100 10K 
TEMPERATURE (°C) CHOPPING FREQUENCY- Bane OUT (Hz) 
FIGURE 5. CLOCK RIPPLE REFERRED TO THE INPUT vs FIGURE 6. 10Hz NOISE VOLTAGE vs CHOPPING 
TEMPERATURE FREQUENCY 
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Typical Performance Curves (continued) 
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FIGURE 7. INPUT OFFSET VOLTAGE CHANGE vs SUPPLY FIGURE 8. INPUT OFFSET VOLTAGE vs CHOPPING 
VOLTAGE FREQUENCY 


Ln 
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So 
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PHASE SHIFT (DEGREES) 
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1 2 3 4 5 6 7 8 9 0.01 0.1 1 10 100 1k 10k 100k 
TIME (ms) FREQUENCY (Hz) 
FIGURE 9. OUTPUT WITH ZERO INPUT; GAIN = 1000; FIGURE 10. OPEN LOOP GAIN AND PHASE SHIFT vs 
BALANCED SOURCE IMPEDANCE = 10kQ FREQUENCY 


at a 
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. eee: 
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iu 4 — 
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FIGURE 11. OPEN LOOP GAIN AND PHASE SHIFT vs FIGURE 12. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
FREQUENCY RESPONSE* 


* The two different responses correspond to the two phases of the clock. 
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Typical Performance Curves (Continued) 


1A CT Te er 
10nA EPEAT 


+2 _ 5 
i 
cae tok we 
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1pA aati: 
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TIME (uS) OUTPUT VOLTAGE (AV-) 
FIGURE 13. VOLTAGE FOLLOWER LARGE SIGNAL PULSE FIGURE 14. N-CHANNEL CLAMP CURRENT vs OUTPUT 
RESPONSE* VOLTAGE 


* The two different responses correspond to the two phases of the clock. 
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P-CHANNEL CLAMP CURRENT 


-0.8 -0.6 -0.4 0.2 0 
OUTPUT VOLTAGE (AV+) 


FIGURE 15. P-CHANNEL CLAMP CURRENT vs OUTPUT VOLTAGE 
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Detailed Description 
Amplifier 


The functional diagram shows the major elements of the 
ICL7650S. There are two amplifiers, the main amplifier, and 
the nulling amplifier. Both have offset-null capability. The 
main amplifier is connected continuously from the input to 
the output, while the nulling amplifier, under the control of 
the chopping oscillator and clock circuit, alternately nulls 
itself and the main amplifier. The nulling connections, which 
are MOSFET gates, are inherently high impedance, and two 
external capacitors provide the required storage of the null- 
ing potentials and the necessary nulling-loop time constants. 
The nulling arrangement operates over the full common- 
mode and power-supply ranges, and is also independent of 
the output level, thus giving exceptionally high CMRR, 
PSRR, and Ayo. 


Careful balancing of the input switches, and the inherent bal- 
ance of the input circuit, minimizes chopper frequency 
charge injection at the input terminals, and also the feed 
forward-type injection into the compensation capacitor, 
which is the main cause of output spikes in this type of 
Circuit. 


intermodulation 


Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies and causing disturbances to the gain and phase 
vs. frequency characteristics near the chopping frequency. 
These effects are substantially reduced in the ICL7650S by 
feeding the nulling circuit with a dynamic current, corre- 
sponding to the compensation capacitor current, in such a 
way as to cancel that portion of the input signal due to finite 
AC gain. Since that is the major error contribution to the 
ICL76508S, the intermodulation and gain/phase disturbances 
are held to very low values, and can generally be ignored. 


Capacitor Connection 


The null/storage capacitors should be connected to the 
Cexta and Cextg pins, with a common connection to the 
Cretn pin. This connection should be made directly by 
either a separate wire or PC trace to avoid injecting load 
current IR drops into the capacitive circuitry. The outside foil, 
where available, should be connected to Carn. 


Output Clamp 


The OUTPUT CLAMP pin allows reduction of the overload 
recovery time inherent with chopper-stabilized amplifiers. 
When tied to the inverting input pin, or summing junction, a 
current path between this point and the OUTPUT pin occurs 
just before the device output saturates. Thus uncontrolled 
input differentials are avoided, together with the consequent 
charge build-up on the correction-storage capacitors. The 
output swing is slightly reduced. 


Clock 


The ICL7650S has an internal oscillator, giving a chopping 
frequency of 200Hz, available at the CLOCK OUT pin on the 
14 pin devices. Provision has also been made for the use of 
an external clock in these parts. The INT/EXT pin has an 
internal pull-up and may be left open for normal operation, 
but to utilize an external clock this pin must be tied to V- to 
disable the internal clock. The external clock signal may then 
be applied to the EXT CLOCK IN pin. An internal divide-by- 
two provides the desired 50% input switching duty cycle. 
Since the capacitors are charged only when EXT CLOCK IN 
is high, a 50% - 80% positive duty cycle is recommended, 
especially for higher frequencies. The external clock can 
swing between V+ and V-. The logic threshold will be at 
about 2.5V below V+. Note also that a signal of about 400 
Hz, with a 70% duty cycle, will be present at the EXT 
CLOCK IN pin with INT/EXT high or open. This is the 
internal clock signal before being fed to the divider. 


In those applications where a strobe signal is available, an 
alternate approach to avoid capacitor misbalancing during 
overload can be used. If a strobe signal is connected to EXT 
CLK IN so that it is low during the time that the overload 
signal is applied to the amplifier, neither capacitor will be 
charged. Since the leakage at the capacitor pins is quite low 
at room temperature, the typical amplifier will drift less than 
10p.V/sec, and relatively long measurements can be made 
with little change in offset. 


Brief Application Notes 
Component Selection 


The two required capacitors, Ceyt, and Ceyqp, have 
optimum values depending on the clock or chopping 
frequency. For the preset internal clock, the correct value is 
0.1p.F, and to maintain the same relationship between the 
chopping frequency and the nulling time constant this value 
should be scaled approximately in proportion if an external 
Clock is used. A high quality film type capacitor such as 
mylar is preferred, although a ceramic or other lower-grade 
Capacitor may prove suitable in many applications. For 
quickest settling on initial turn-on, low dielectric absorption 
Capacitors (such as polypropylene) should be used. With 
ceramic capacitors, several seconds may be required to 
settle to 1pV. 


Static Protection 


All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges should 
be avoided, as they can cause degraded diode junction 
characteristics, which may result in increased input-leakage 
currents. 
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R1 R2 
INPUT 
OUTPUT 
INVERTING AMPLIFIER 
R2 
OUTPUT 
R1 
INPUT 
R1 R2 SHOULD BE LOW 
NOTE: 5724p IMPEDANCE FOR 
wishes OPTIMUM GUARDING 


NON-INVERTING AMPLIFIER 


OUTPUT 
INPUT 


FOLLOWER 


EXTERNAL 
CAPACITORS 


Ve 


OUTPUT ~*, 8 


6 
3 
Crem’ 4 


Fs 


@UARD 


BOARD LAYOUT FOR INPUT BOTTOM VIEW 
GUARDING WITH TO-99 PACKAGE 


FIGURE 16. CONNECTION OF INPUT GUARDS 


Latchup Avoidance 


Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low-impedance state, resulting in 
excessive supply current. To avoid this condition, no voltage 
greater than 0.3V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be 
established either at the same time or before any input 
signals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 1mA to avoid latchup, 
even under fault conditions. 


Output Stage/Load Driving 


The output circuit is a high-impedance type (approximately 
18kQ), and therefore with loads less than this value, the 
chopper amplifier behaves in some ways like a transconduc- 
tance amplifier whose open-loop gain is proportional to load 
resistance. For example, the open-loop gain will be 17dB 
lower with a 1kQ load than with a 10kQ load. If the amplifier 
is used strictly for DC, this lower gain is of little conse- 
quence, since the DC gain is typically greater than 120dB 
even with a 1kQ load. However, for wideband applications, 
the best frequency response will be achieved with a load 
resistor of 10kQ or higher. This will result in a smooth 6dB/ 
octave response from 0.1Hz to 2MHz, with phase shifts of 
less than 10° in the transition region where the main ampli- 
fier takes over from the null amplifier. 


Thermo-Electric Effects 


The ultimate limitations to ultra-high precision DC amplifiers 
are the thermo-electric or Peltier effects arising in thermo- 
couple junctions of dissimilar metals, alloys, silicon, etc. 
Unless all junctions are at the same temperature, thermo- 
electric voltages typically around 0.1p,V/°C, but up to tens of 


mV/°C for some materials, will be generated. In order to 
realize the extremely low offset voltages that the chopper 
amplifier can provide, it is essential to take special precau- 
tions to avoid temperature gradients. All components should 
be enclosed to eliminate air movement, especially that 
caused by power-dissipating elements in the system. Low 
thermoelectric-efficient connections should be used where 
possible and power supply voltages and power dissipation 
should be kept to a minimum. High-impedance loads are 
preferable, and good separation from surrounding heat- 
dissipating elements is advisable. 


Guarding 


Extra care must be taken in the assembly of printed circuit 
boards to take full advantage of the low input currents of the 
ICL7650S. Boards must be thoroughly cleaned with TCE or 
alcohol and blown dry with compressed air. After cleaning, 
the boards should be coated with epoxy or silicone rubber to 
prevent contamination. 


Even with properly cleaned and coated boards, leakage 
currents may cause trouble, particularly since the input pins 
are adjacent to pins that are at supply potentials. This 
leakage can be significantly reduced by using guarding to 
lower the voltage difference between the inputs and adjacent 
metal runs. Input guarding of the 8 pin TO-99 package is 
accomplished by using a 10 lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs 
are empty when it is inserted in the board. The guard, which 
is a conductive ring surrounding the inputs, is connected to a 
low impedance point that is at approximately the same 
voltage as the inputs. Leakage currents from high-voltage 
pins are then absorbed by the guard. 
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The pin configuration of the 14 pin dual in-line package is 
designed to facilitate guarding, since the pins adjacent to the 
inputs are not used (this is different from the standard 741 and 
101A pin configuration, but corresponds to that of the LM108). 


Pin Compatibility 


The basic pinout of the 8 pin device corresponds, where 
possible, to that of the industry standard 8 pin devices, the 
LM741, LM101, etc. The null-storing external capacitors are 
connected to pins 1 and 8, usually used for offset null or 
compensation capacitors, or simply not connected. In the 
case of the OP-05 and OP-07 devices, the replacement of the 
offset-null pot, connected between pins 1 and 8 and V+, by 
two capacitors from those pins to pin 5, will provide easy 
compatibility. As for the LM108, replacement of the compen- 
sation capacitor between pins 1 and 8 by the two capacitors to 
pin 5 is all that is necessary. The same operation, with the 
removal of any connection to pin 5, will suffice for the LM101, 
A748, and similar parts. 


The 14 pin device pinout corresponds most closely to that of 
the LM108 device, owing to the provision of “NC” pins for 
guarding between the input and all other pins. Since this 
device does not use any of the extra pins, and has no 
provision for offset-nulling, but requires a compensation 
capacitor, some changes will be required in layout to convert 
it to the ICL7650S. 


Typical Applications 


Clearly the applications of the ICL7650S will mirror those of 
other op-amps. Anywhere that the performance of a circuit 
can be significantly improved by a reduction of input-offset 
voltage and bias current, the ICL7650S is the logical choice. 
Basic non-inverting and inverting amplifier circuits are shown 
in Figures 17 and 18. Both circuits can use the output clamp- 
ing circuit to enhance the overload recovery performance. 
The only limitations on the replacement of other op amps by 
the ICL7650S are the supply voltage (+8V max.) and the out- 
put drive capability (10kQ load for full swing). Even these 
limitations can be overcome using a simple booster circuit, 
as shown in Figure 19, to enable the full output capabilities 
of the LM741 (or any other standard device) to be combined 
with the input capabilities of the ICL7650S. The pair form a 
composite device, so loop gain stability, when the feedback 
network is added, should be watched carefully. 


Rg + (RylIR2) = 100kQ 
FOR FULL CLAMP EFFECT = 


FIGURE 17. NON INVERTING AMPLIFIER WITH OPTIONAL 
CLAMP 


NOTE: RiIIR2 indicates the parallel combination of R1 and R2. 


Figure 20 shows the use of the clamp circuit to advantage in 
a zero-offset comparator. The usual problems in using a 
chopper stabilized amplifier in this application are avoided, 
since the clamp circuit forces the inverting input to follow the 
input signal. The threshold input must tolerate the output 
clamp current = V;\/R without disturbing other portions of the 
system. 


INPUT 


(RylIRo) = 100k 
FOR FULL CLAMP EFFECT 


FIGURE 18. INVERTING AMPLIFIER WITH (OPTIONAL) CLAMP 
NOTE: RilIR2 indicates the parallel combination of R1 and R2. 


Normal logarithmic amplifiers are limited in dynamic range in 
the voltage-input mode by their input-offset voltage. The 
built-in temperature compensation and convenience features 
of the ICL8048 can be extended to a voltage-input dynamic 
range of close to 6 decades by using the ICL7650S to offset- 
null the ICL8048, as shown in Figure 21. The same concept 
can also be used with such devices as the HA2500 or 
HA2600 families of op-amps to add very low offset voltage 
capability to their very high slew rates and bandwidths. Note 
that these circuits will also have their DC gains, CMRR, and 
PSRR enhanced. 


VTH 
200kQ - 2MQ 


FIGURE 20. LOW OFFSET COMPARATOR 


2-704 


ICL7650S 


V+ 
VREF We ] 
— (+1 5V) | Rs 
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FIGURE 21. ICL8048 OFFSET NULLED BY ICL7650S 
NOTE: For further Applications Assistance, see A053 and R017. 
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Operational Amplifiers Glossary of Terms 


AVERAGE INPUT OFFSET CURRENT DRIFT - The aver- 
age change in offset current between room (+25°C) and high 
temperature (+125°C, +85°C or +75°C) or between room 
temperature and low temperature (0°C, -25°C or -55°C) 
divided by the temperature difference. 


AVERAGE OFFSET VOLTAGE DRIFT - The average 
change in offset voltage between room (+25°C) and high 
temperature (+125°C, +85°C or +75°C) or between room 
temperature and low temperature (0°C, -25°C or -55°C) 
divided by the temperature difference. 


CHANNEL SEPARATION - The ratio of the output of a 
driven amplifier to the output (referred to input) of an 
adjacent undriven amplifier. 


COMMON MODE INPUT VOLTAGE (Vic) - The average of 
the voltages present at the differential input terminals. 


COMMON MODE INPUT VOLTAGE RANGE (Vicr) - The 
range of voltage that if exceeded at either input terminal will 
cause the amplifier to cease operating properly. 


COMMON MODE REJECTION RATIO (CMRR) - The ratio 
of change in input offset voltage to change in input common 
mode voltage, expressed in dB. 


Vio 
CMRR = 20 x log 4 eta 
Cc 


COMMON MODE RESISTANCE (rjc) - The ratio of change 
in input common mode voltage to the resulting change in 
input current. 


DIFFERENTIAL INPUT RESISTANCE (rp) - The ratio of 
change in input differential voltage (small signal, assumes 
amplifier operating linearly) to the resulting change in 
differential input current. 


FULL POWER BANDWIDTH (FPBW) - The maximum 
frequency at which a full scale undistorted (THD < 1%) sine 
wave can be obtained at the output of the amplifier. 


GAIN BANDWIDTH (GBW) - The open loop gain of an op 
amp (in V/V) at a mid-band, linear region frequency (usually 
between 1kHz and 10kHz) times that frequency (in Hz). 
GBW = [Ayo] ¢ f. 


INPUT BIAS CURRENT (Ipias) - The average of the 
currents flowing into or out of the input terminals when the 
output is at zero volts. 


INPUT CAPACITANCE (Cj) - The equivalent capacitance 
seen looking into either input terminal. 


INPUT NOISE CURRENT (iy) - The input noise current that 
would reproduce the noise seen at the output if all amplifier 
noise sources were set to zero and the source impedances 
were large compared to the optimum source impedance. 


INPUT OFFSET CURRENT (Ips) - The difference in the 
currents flowing into the two input terminals when the output 
is at zero volts. 


INPUT OFFSET VOLTAGE (V0) - The differential DC volt- 
age required to zero the output voltage with no input signal 
or load. Input offset voltage may also be defined for the case 
where two equal resistances are inserted in series with the 
input leads. 


INPUT NOISE VOLTAGE (ey) - The input noise voltage that 
would reproduce the noise seen at the output if all the ampli- 
fier noise sources and source resistances were set to zero. 


LARGE SIGNAL VOLTAGE GAIN (Ay) - The ratio of the 
peak to peak output voltage swing (over a specified range) to 
the change in input voltage required to drive the output. 


OUTPUT CURRENT (Ipy7) - The output current available 
from the amplifier at some specified output voltage. 


OUTPUT RESISTANCE (RO) - The ratio of the change in 
output voltage to the change in output current. 


OUTPUT SHORT CIRCUIT CURRENT (Isc) - The output 
current available from the amplifier with the output shorted to 
ground (or other specified potential). 


OUTPUT VOLTAGE SWING (Voy7) - The maximum output 
voltage swing, referred to ground, that can be obtained 
under specified loading conditions. 


OVERSHOOT - Peak excursion above final value of an out- 
put step response. 


POWER SUPPLY REJECTION RATIO (PSRR) - The ratio of 
the change in input offset voltage to the change in power 
supply voltage producing it. 

RISE TIME (tp) - The time required for an output voltage 
step to change from 10% to 90% of its final value, when the 
input is subjected to a small signal voltage pulse. 


SETTLING TIME (ts_e7) - The time required, after application 
of a step input signal, for the output voltage to settle and 
remain within a specified error band around the final value. 


SLEW RATE (SR) - The rate of change of the output under 
large signal conditions. Slew rate may be specified 
Separately for both positive and negative going changes. 


SUPPLY CURRENT (Is) - The current required from the 
power supply to operate the amplifier with no load and the 
output at zero volts. 


SUPPLY VOLTAGE RANGE - The range of power supply 
voltage over which the amplifier may be safely operated. 


UNITY GAIN BANDWIDTH - The frequency range from DC to 
that frequency where the amplifiers open loop gain is unity. 
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Selection Guide 


COMPARATORS 
General Purpose Electrical Characteristics, T, = +25°C 


LEAD COUNT 
AND PACKAGE 
TYPE* 


COMMENTS 


Dual input level 
detector with 
Schmitt Trigger 


Ao 
MAX MAX MIN RESPONSE 
(mV) (mA) V+, V- (dB) TIME 


tk = 1.2ps, 
ta = 200ns 


LEAD COUNT 
AND PACKAGE 


Single or dual supply. Analog and logic supplies 
separated for easier interface and noise immunity. 


* See Packaging Information in Section 11. 


ULTRA HIGH SPEED COMPARATORS 


HFA-0003 Direct Output Version 
HFA-0003L 270 Latched output version with user 
Programmable Hysteresis Control 


LARGE SIGNAL 
VOLTAGE 
GAIN 


PROPAGATION 
DELAY 


TRACKING 
BANDWIDTH 


CA139, CA239 
CA339, LM339* 


Quad Voltage Comparators for Industrial, 
Commercial and Military Applications 


HARRIS 


SEMICONDUCTOR 


Hi 


March 1993 


Features 
¢ Operation from Single or Dual Supplies 
¢ Common Mode Input voltage Range to GND 


¢ Output Voltage Compatible with TTL, DTL, ECL, MOS 
and CMOS 


Differential Input Voltage Range Equal to the Supply 
Voltage 


Maximum Input Offset Voltage (Vio) 
- CA139A, CA239A, CA339A ...........---0ss 2mvVv 
- CA139, CA239, CA339 .... 2. cece e eee e eens 5mvV 


Replacement for Industry Types 139, 239, 339, 139A, 
239A, 339A 


Applications 

e Square Wave Generator 

e Time Delay Generators 

¢ Pulse Generators 

e Multivibrators 

¢ High Voltage Digital Logic Gates 
e A/D Converters 

¢ MOS Clock Timers 


Description 


The CA139, CA239, CA339, CA139A, CA239A, and 
CA339A types consist of four independent single or dual 
supply voltage comparators on a single monolithic substrate. 
The common mode input voltage range includes ground 
even when operated from a single supply, and the low power 
supply current drain makes these comparators suitable for 
battery operation. These types were designed to directly 
interface with TTL and CMOS. 


Types CA139A, CA239A, and CA339A have all the features 
and characteristics of their prototype counterparts CA139, 
CA239, and CA339 plus an even lower input offset voltage 
characteristic. These devices are supplied in a 14 lead Small 
Outline package (M suffix), in a 14 lead dual-in-line plastic 
package (E suffix) and in a 14 lead dual-in-line hermetic (frit 
seal) ceramic package (F suffix). The CA339 is also 
available in chip form (H suffix). 


*Technical data on LM339 is identical to CA339. 


Pinout Schematic Diagram 
CA139, CA139A, CA239, CA239A, CA339 (PDIP, CDIP, SOIC) ‘os 
CA339A (PDIP SOIC) 
LM339, LM339A (PDIP) TO 2, 3,4 
TOP VIEW 
OUTPUT 2 | 1. 44] OUTPUT 3 
OUTPUT 1 | 2| 143] OUTPUT 4 tarsi OUTPUT 


V+ | 3] 


NEG, INPUT 1 | 4 


142] GND 

11] POS. INPUT 4 
POS. INPUT 1 | 5 | 10] NEG. INPUT 4 
NEG. INPUT 2 | 6 | 9 | POS. INPUT 3 


POS. INPUT 2 | 8 | NEG. INPUT 3 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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File Number 795.1 


COMPARATORS 


Specifications CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A 


Absolute Maximum Ratings Operating Conditions 

SHANE WRMTENNEE 5 5 oo! ci 8's 64 BG Gisine's o's 2 cab VOR 36V or +18V Operating Temperature Range................ -55°C to +125°C 
Differential Input Voltage. ... 22... 2... cece cee eee eee eee 36V Storage Temperature Range.................. -65°C to +150°C 
Lik Shale.” SAE rSto rr oe ee bags -0.3V to+36V Thermal Package Characteristics (°C/W) . . QJ 8c 
Input Current (V; <-0.3V) Note 4 ......... cece eee ees 50mA Ceramic DIP Package............... 71 14 
Output Short Circuit Duration (Single Supply) Note 5 .. Continuous ee Or POCO ee a. skin 0-50 stan 107 38 
ION) TONING 66s ocean vce bala ovis senvesavasneess +175°C SRDS PMG ower ae os k's bode das he 119 36 
Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)................- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 5V, Unless Otherwise Specified 


LIMITS 


CONDITION 
Ta = +25°C 


2) 
r 


Input Offset Voltage 


Differential Input Voltage 


Vaer = 1.4V, Re = 0, 


PARAMETER SYMB 
Output Switch Point 


Vio 
V=1.4V 
Vip Keep All Inputs 2 OV for V- (if used), 
Notes 1,2 
I+ 


Saturation Voltage Vsar | Vy = 1V, Vp = OV, 400 400 
Common Mode Input Vicr V+- 
Voltage Range 1.5 1.5 

ee eee 


Input Offset Current 


Input Bias Current 
Total Supply Current 


Output Leakage Current 


[Note t 


ae |,+ or - with Output in | T, = +25°C 
ae 
R, = e on All Comparators, 

Ta = +25°C 


Vit 2 1V, Vi- = OV, Ta = +25°C 
Vo = 5V 
V\+ 2 1V, V;- = OV, 
Vo = 30V 
Output Sink Current V\- 2 1V, V+ = OV, Vo < 1.5V, 
Ta = +25°C 


Voltage Gain Ao. | RL 2 15k, V+ = 15V, T, = +25°C 


Large Signal Response Sigg ig V, = TTL Logic Swing, Vpgr = 1.4V, 
Time 


Vat = 5V, Ry 2.5;4 kQ, Ta = +25°C 
LIMITS 
PARAMETER SYMBOL 
Vio 


VreF = 1.4V, Rs = 0, 
Output Switch Point 
V=1.4V 


=~ 
© 


~ 
|< 


Input Offset Voltage 
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Specifications CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A 


Electrical Specifications V+ = 5V, Unless Otherwise Specified (Continued) 


LIMITS 
CA239, CA339 CA239A, CA339A 
PARAMETER SYMBOL CONDITION 


Differential Input Voltage Vip Keep All Inputs 2 OV for V- (if used), 
Notes 1, 2 
Saturation Voltage V;- = 1V, V+ = OV, Ta = +25°C 


Common Mode Input 
Voltage Range 


Cc 


Ss 
-t =fi} 3} =| =] elstelels|<| ele] 4 


NITS 


* 


S| 
=) 
Oo 


| 
EGIED 


ae 
+ 


on 
aan 
a 
5 


< 
23 ° 


a 


Pe 
> 


|,+ or |,- with Outputin | Ty = +25°C 
Linear Range |Note1 


R, = e on All Comparators, 
Ta = +25°C 


Vit21V,V-=0V, | Ty =+25°C 
Vo = 5V 
V+ 2 1V, V,- = OV, 
Vo = 30V 
Output Sink Current V- 2 1V, Vi+ = OV, Vo s 1.5V, 
Ta = +25°C 


Voltage Gain R, 2 15kQ, V+ = 15V, Ts = +25°C 


Large Signal Response V, = TTL Logic Swing, Veer = 1.4V, 
Time 


Pe Vat = 5V, Ry, = 5.1 kQ, Ta = +25°C 
Response Time Vat = 5V, Ry = 5.1kQ, Ty = +25°C 
(Figures 3 and 4) 
NOTES: 


1. Ambient Temperature (T,) applicable over operating temperature range as shown below. 
CA139, CA139A = -55°C to +125°C; CA239, CA239A = -25°C to +85°C; CA339, CA339A = 0°C to +70°C 

2. The comparator will provide a proper output state even if the positive swing of the inputs exceeds the power supply voltage level, if the 
other input remains within the common mode voltage range. The low input voltage state must not be less than -0.3V (or 0.3V below the 
magnitude of the negative power supply, if used). 

. The upper end of the common mode voltage range is (V+) - 1.5V, but either or both inputs can go to +30V without damage. 

. Inputs must not go more negative than -0.3V. 

. Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current independent of 
V+ is approximately 20mA. 


of sist a] fel etal lt] Le ie 
of efsl =| | el et fel lt] | fel is 


< 
+ 


oOo © 


Metallization Mask Layout 


ae Rs Se ae: eee 2 


54 a 
NOTE: Dimensions in parenthe- 
ses are in mm and are derived 


51-59 from the basic in. dimensions as 
(1.295 - 1.499) indicated. Grid graduations are in 


mils (10° inch). 
0 


| 4-10 (0.102 - 0.254) 
ag Bai coe Se Pigig ac 2d 


COMPARATORS 


CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A 


Typical Performance Curves 


SUPPLY CURRENT (mA) 
BEVER BAe 
AA WA 

INPUT CURRENT (nA) 

| AT 


POSITIVE SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V) 
FIGURE 1. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 2. INPUT CURRENT vs SUPPLY VOLTAGE 


> 

Ss E 
£ W 
ue < 
g cr 
ee re) 
ras > 
> 5 
5 a. 
a z 
< 

> Ss 5 

o we 4 1] 

g < Ly 

: 3° 

g 3 Eg 

‘- E ey 

oe —) 

a a 4 mz 

= @ 4 5 

a P= | 

re) oO 0 

0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0 
TIME (us) TIME (us) 


FIGURE 3. RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES FIGURE 4. RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 
- NEGATIVE TRANSITION - POSITIVE TRANSITION 


10! 


Se ET eee reares is , Pet 
ai PE TES yee os Vee Ee ee et 
= ee SS Gc OUTO SROs 
So HHH oe | 
<< 0 
30 Ee 
> 
= |] LET eee ee | ee 
eae A A MR Se a SE ee 
i a ee eo 
fe Sa 6 0S TS i er ne 
7 a LL td | Le ea 
Oro sh | LE A Pee eee eee ee 
5 10 EO pS ate ° AP TREPES Weheh! Oo ON i eA 2h ee eg 

EE A , S  e8  e 
na (ieee GE Eg BH WU GS Gua Es 
2 LAL ta Pe Pee 


ios (ZL ee 
10°72 1071 10° 10! 102 
OUTPUT SINK CURRENT (mA) 
FIGURE 7. OUTPUT SATURATION VOLTAGE vs OUTPUT SINK CURRENT 
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Senn. CA3098 


Programmable Schmitt Trigger - with Memory 


March 1993 Dual Input Precision Level Detectors 
Features Description 
e Programmable Operating Current The CA3098 Programmable Schmitt Trigger is a monolithic 


silicon integrated circuit designed to control high operating 


e Micropower Standby Dissipation 
P ” current loads such as thyristors, lamps, relays, etc. The 


¢ Direct Control of Currents Upto ............ 150mMA ©CA3098 can be operated with either a single power supply 
e Low Input On/Off Current of Less Than 1nA for with maximum operating voltage of 16V, or a dual power 
Programmable Bias Current of 1A supply with maximum operating voltage of +8V. It can 


directly control currents up to 150mA and operates with 


* BEET SPRRROROIS 5 victories mltentioanr a 20m: (Max) microwatt standby power dissipation when the current to be 
aaa controlled is less than 30mA. The CA3098 contains the 
Applications following major circuit function features (see Block Diagram): 
¢ Control of Relays, Heaters, LEDs, Lamps, Photosensitive 1. Differential amplifiers and summer: the circuit uses two 
Devices, Thyristors, Solenoids, etc. differential amplifiers, one to compare the input voltage 
¢ Signal Reconditioning with the “high” reference, and the other to compare the in- 
» Plies and Fratusiacy Mocilatcre put with the “low” reference. The resultant output of the 
q y differential amplifiers actuates a summer circuit which de- 
¢ On/Off Motor Switching livers a trigger that initiates a change in state of a flip-flop. 
¢ Schmitt Triggers, Level Detectors 2. Flip-flop: the flip-flop functions as a bistable “memory” el- 3 
° Time Delays saints Peg changes state in response to each trigger < 
« < 
Ceepe sing, erearrent, Overtermpersture Prowmetinnt 3. Driver and output stages: these stages permit the circuit = 
¢ Battery-Operated Equipment to “sink” maximum peak load currents up to 150mA at ve) 
e Square and Triangular-Wave Generators terminal 3. _ 
PAR Gs Ee Se Se I ee ee a kt Programmable operating current: the circuit incorporates 
Ordering Information access at terminal 2 to permit programming the desired 
quiescent operating current and _ performance 
NUMBER RANGE 
Pinout Block Diagram 
CA3098 PROGRAMMABLE 
BIAS CURRENT Vv 
(PDIP) INPUT (lesas) : 


OUTPUT 
CURRENT 


TOP VIEW 
sala CONTROL 
(HR) | peri On $0] 0-H ------ === 
LOW REF. L1. 8] +N 
Ipias L2. '7.| HIGH REF. 
SIGNAL 
OUT [3 16] V+ INPUT 
V- CURRENT FLIP-FLOP 
4 5. CONTROL (MEMORY) 
“LOW” 
REF. (LR) SUBSTRATE 
COMPARATOR = 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 896.2 


Copyright © Harris Corporation 1993 
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Specifications CA3098 


Absolute Maximum Ratings Operating Conditions 
Supply Voltage Between V+ and V- ........... cece eee eeee 16V Operating Temperature Range............. -55°C < Ty $ +125°C 
Voltage Between High Reference or Sink Output and V-...... 16V. Storage Temperature Range............... -65°C < Ty s +150°C 
Differential Input Voltage Between Terminals 8 and1........ 10V Operating Voltage Range 
and Terminals 7 and 8 WO Gas ida 05s 6 Bek Bes ae PRN Too 5 0 4 V- to V+ 

Load Current (Terminal 3) (Duty Cycle <25%)............ 150mA PRE os ins ca Pie Rea ke (V- + 2.0V) to V+ 
Input Current to Voltage Regulator (Terminal 5)............ 25mA LES ke vile Seabee iescs tse (V-) to (V+ - 2.0V) 
Programmable Bias Current (Terminal 2)..............000+ 1mA Thermal Package Characteristics (°C/W) By Bic 
Output Current Control (Terminal 5)..............0ce eee 15mA PIBBIC DIP PACKOOG os is 64-0 «vaso ds 96 34 
Power Dissipation 

ip tT, ©4605 Fin o.beleees. Bios. Bee: 990mW 

Above T, = +56°C.........005 Derate Linearly at 10.42mW/C 
JUNCTION TOMPOrAtUNe ois i.6. ides Sanne Sa a Mie news e's Sines +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)..............+.. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C Unless Otherwise Specified 


Input Offset Voltage 
“Low” Reference (See Figures 2, 5) 


Vio(LR) Vir = GND, Vur = V+ to (V- + 2V), 
Ibias = 100HA 


Vio(HR) Vur = GND, Vir = V- to (V+ - 2V), mV 
taias = 100A 


a Er a re 


ViO(HR-LR) Vreg = OV (Note 1), V+ = 4V, V- = -4V, 
Ipias = 1pA 


Temperature Coefficient (Figure 10) pera: <a) -55°C to +125°C 


Output Saturation Voltage Vceisart) | Vi=5V, Vreg = 6V (Note 1), V+ = 12V, 
(Figures 11, 12) IBias = 100LA 


Total Supply Current TOTAL 
“ON” (Figures 3, 13, 14) 


“High Reference (See Figures 2, 6) 


Temperature Coefficient 
“Low” Reference (See Figure 7) 
“High” Reference (See Figure 8) 
Minimum Hysteresis 


3 
< 


Voltage (Figure 9) 


0.72 


ia is ESE ha. 
QO 


710 


V; = BV, Vag > 6V (Note 1), V+ = 16V, 
Ipias = 100A 


V; = 10V, VreG < 10V (Note 1), 
V+= 16V, IBias = 100pA 


“OFF” (Figures 3, 13, 14) 


Input Bias Current (Figures 3, 15) 


|B(PNP) 


Output Leakage Current 


Switching Times (Figures 4, 16-27) 
Delay Time 
Fall Time 
Rise Time 
Storage Time 
NOTES: 


1. For definition of Vpeg see Figure 3. 
2. Continuous (DC) output current must be limited to <40mA. For 100mA output current, the duty cycle must be <40%. 


V; = 16V, Vac < 16V (Note 1), 

V+= 16V, Ipias = 100pA 

V; = 6V, Vreg > 6V (Note 1), V+= 16V, 
Ipias = 100A 


at from Terminal 3 when Q46 is 


IBIAS = 100pA, V+= 5V, VREG = 2.5V 
(Note 1) 


B 
> 


CA3098 


Schematic Diagram 
© 
ote : 
eae 
i) oy 
“ ” OUTPUT 
ne sey CURRENT 


Ly CONTROL 
(5) 
oa ee ee ee Ria 
GP ie 3 a a Ly “SINK” 
gaa 
SIGNAL 
IN 


33 


SOK 


“LOW” 
REF. ae 


2) 


eat 
PROGRAMMABLE 
BIAS CURRENT 
ie! INPUT (lou) 


General Description of Circuit Operation 


When the signal input voltage of the CA3098 is equal to or 
less than the “low” reference voltage (LR), current flows from 
an external power supply through a load connected to 
Terminal 3 (“sink” output). This condition is maintained until 
the signal input voltage rises to or exceeds the “high” 
reference voltage (HR), thereby effecting a change in the 
state of the flip-flop (memory) such that the output stage NAUT 
interrupts current flow in the external load. This condition, in Ew 
turn, is maintained until such time as the signal again 
becomes equal to or less than the “low” reference voltage. 


COMPARATORS 


The CA3098 comparator is unique in that it contains circuit 
provisions to permit programmability. This feature provides = 
flexibility to the designer to optimize quiescent power 
consumption, input circuit characteristics, hysteresis, and 
additionally permits independent control of the comparator, 
namely, pulsing, strobing, keying, squelching, etc. Program- 
mability is accomplished by means of the bias current (Ipjas) 
supplied to Terminal 2. 


An auxiliary means of controlling the magnitude of load 
current flow at Terminal 3 is provided by “sinking” current into 
Terminal 5. Figure 1 highlights the operation of the CA3098 
when connected as a simple hysteresis switch (Schmitt 


trigger). FIGURE 1. BASIC HYSTERESIS SWITCH (SCHMITT TRIGGER) 
AND RESULTANT OUTPUT STATES 


CA3098 


Metallization Mask Layout 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. Grid 
graduations are in mils (10° inch). 


66 (1.676) The layout represents a chip when it is part of the wafer. 
When the wafer is cut into chips, the cleavage angles are 
57° instead of 90° with respect to the face of the chip. 
Therefore, the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 


63 (1.600) —— 


Test Circuits 


110Q 


FIGURE 2. INPUT OFFSET VOLTAGE TEST CIRCUIT FIGURE 3. TOTAL SUPPLY CURRENT, AND INPUT BIAS CUR- 
RENT TEST CIRCUIT 


FIGURE 4. SWITCHING TIME TEST CIRCUIT 
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CA3098 


Typical Performance Curves 


i 
rs 


Ta= +25°C, V+ = +12V, 
Vur = 6V, Vip = OV 
Vio (HR) = Vi - Var 


Ta = +25°C, V+ = +12V, 
Vur = 6YV, Vip = 6V 
4 Vio (LR) = Vi- Vir 


Ht 
& 


LOW REF. INPUT OFFSET VOLTAGE (mV) 
HIGH REF. INPUT OFFSET VOLTAGE (mV) 


PROGRAMMING BIAS CURRENT (:A) PROGRAMMING BIAS CURRENT (:A) 
FIGURES5. INPUT OFFSET VOLTAGE (“LOW” REFERENCE) vs FIGURE 6. INPUT OFFSET VOLTAGE (“HIGH” REFERENCE) 
PROGRAMMING BIAS CURRENT vs PROGRAMMING BIAS CURRENT 


3 = 
w 
Po TP ii a Y 
= 5 i 
a 5 fe) 
a8 ts < 
- 3.5 au cc 
i wahe ~ < 
co) = 
. -3.0 a 
: ay : 8 
“Riba Bisiaisiai : 
ra wi 
lu 
© 20 = 
Sie Sie geizieiee 
ad 5 = 
“75 50 -25 0 25 50 75 100 125 "75 50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
FIGURE 7. INPUT OFFSET VOLTAGE (“LOW” REFERENCE)vs § FIGURE8. INPUT OFFFSET VOLTAGE (“HIGH” REFERENCE) 
AMBIENT TEMPERATURE vs AMBIENT TEMPERATURE 


Ta = +25°C, V+ = +12V, 
Vir = SV, Vip = 6V 


MIN. HYSTERESIS VOLTAGE (mV) 
MIN. HYSTERESIS VOLTAGE (mV) 


1 
-100 -75 -50 -25 0 25 50 75 100 125 


PROGRAMMING BIAS CURRENT (A) AMBIENT TEMPERATURE (°C) 
FIGURE 9. MINIMUM HYSTERESIS VOLTAGE vs PROGRAMN- FIGURE 10. MINIMUM HYSTERESIS VOLTAGE vs AMBIENT 
MING BIAS CURRENT TEMPERATURE 
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CA3098 


Typical Performance Curves (Continued) 


— 
* 


= 


plead am ies ar ee ee 
NG AL ie 
1 «acai Ge 
eo 


0.5 
0 1000 “100 -75 -50 -25 0 2 50 75 100 125 
OUTPUT eid aeiaeie (mA) AMBIENT TEMPERATURE (°C) 


FIGURE 11. OUTPUT SATURATION VOLTAGE vs OUTPUT FIGURE 12. OUTPUT SATURATION VOLTAGE vs AMBIENT 
SINK CURRENT TEMPERATURE 


Mw S 


OUTPUT SATURATION VOLTAGE (V) 
S 


OUTPUT SATURATION VOLTAGE (V) 


10,000 
Ta = +25°C, V+ = 12V 


VreG = 6V" 


———} 5? nee Bene 
inc set i an ee: a > a A 


ov Nabems Sissi GB Sj!) ARS vat Pe 


TOTAL SUPPLY CURRENT (A) 
TOTAL SUPPLY CURRENT (A) 


ie: ES) BE RS Se | ees ae ea SS 
0.1 | He a ea at | 
10 100 1000 
PROGRAMMING BIAS CURRENT (A) 
* See Figure 3 for definition of Vag 
FIGURE 13. TOTAL SUPPLY CURRENT vs PROGRAMMING FIGURE 14. TOTAL SUPPLY CURRENT vs AMBIENT TEMPER- 
BIAS CURRENT ATURE 


75 50 -2 0 2 50 75 100 125 
AMBIENT TEMPERATURE (°C) 


1050 
Ta cat +25° Cc 


Ipias = 100pA 


1000 | Vi 5 = Vur = VaeG = V2 


Z 


Foro oe 


DELAY TIME (ns) 
o 
= 


INPUT BIAS CURRENT (nA) 


“ilies ai 5 Ba SS ee TR ie 


1000 
fe ee mas ah (uA) POSITIVE SUPPLY VOLTAGE (V) 
* See Figure 3 for definition of Vpeg 


FIGURE 15. INPUT BIAS CURRENT vs PROGRAMMING BIAS FIGURE 16. DELAY TIME vs SUPPLY VOLTAGE 
CURRENT 


0.1 890 
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CA3098 


Typical Performance Curves (Continued) 


Ta = +25°C 
Ipias = 100nA 
Vip = Vir = Vrec = V+/2 


Ta = +25°C 
Ipias = 100nA 
Vip = Vur = Vrec = V+/2 


STORAGE TIME (ns) 
OUTPUT FALL TIME (ns) 


POSITIVE SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V) 


FIGURE 17. STORAGE TIME vs SUPPLY VOLTAGE FIGURE 18. OUTPUT FALL TIME vs SUPPLY VOLTAGE 


Ta = +25°C 

Ipias = 100nA 

Vip = Vor = Vreg = V+/2 SUPPLY VOLTAGE = 5V 
ry Ipias = 100LA 

£ 2400 Vip = Vor = Vreg = 2.5V 


3 
=] 
COMPARATORS 


OUTPUT RISE TIME (ns) 
S 
8 


OUTPUT RISE TIME 


POSITIVE SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) 
FIGURE 19. OUTPUT RISE TIME vs SUPPLY VOLTAGE FIGURE 20. OUTPUT RISE TIME vs AMBIENT TEMPERATURE 


9000 


SUPPLY VOLTAGE = 5V 
SUPPLY VOLTAGE = 5V Igias = 100A 
Ipias = 100pA 8000 Vip = Vur = Vrec = 2.5V 


Vip = Vor = Vrec = 2.5V 


STORAGE TIME (ns) 
Ps 
S 


OUTPUT FALL TIME (ns) 


0: 6 0 20 40 60 80 100 
AMBIENT TEMPERATURE (°C) 


-40 -20 0 20 40 60 80 
AMBIENT TEMPERATURE (°C) 


FIGURE 21. OUTPUT FALL TIME vs AMBIENT TEMPERATURE FIGURE 22. STORAGE TIME vs AMBIENT TEMPERATURE 
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CA3098 


Typical Performance Curves (Continued) 


SUPPLY VOLTAGE = 5V 
Ipias = 100LA 


DELAY TIME (ns) 


AMBIENT TEMPERATURE (°C) 
FIGURE 23. DELAY TIME vs AMBIENT TEMPERATURE 


12000 


SUPPLY VOLTAGE = 5V 


11000 } Ta =+25°C 
Vir = Vor = Vrec = 2-5V 


9000 


8000 


STORAGE TIME (ns) 


PROGRAMMING BIAS CURRENT (A) 


FIGURE 25. STORAGE TIME vs PROGRAMMING BIAS CUR- 
RENT 


3000 


SUPPLY VOLTAGE = 5V 
Ta = +25°C, Vip = Vur = VreG = 2.5V 


DELAY TIME (ns) 


PROGRAMMING BIAS CURRENT (A) 
FIGURE 24. DELAY TIME vs PROGRAMMING BIAS CURRENT 


SUPPLY VOLTAGE = 5V 
Ta = +25°C 
Vip = Vur = Vrec = 2-5V 


TTT 
HH EETT 


PROGRAMMING BIAS CURRENT (A) 


FIGURE 26. OUTPUT FALL TIME vs PROGRAMMING BIAS 
CURRENT 


OUTPUT FALL TIME (ns) 


SUPPLY VOLTAGE = 5V 
Tg = +25°C, Vip = Vur = Vreg = 2.5V 


2500 


2000 


OUTPTUT RISE TIME (ns) 


1500 


PROGRAMMING BIAS CURRENT (A) 
FIGURE 27. OUTPUT RISE TIME vs PROGRAMMING BIAS CURRENT 


3-14 


CA3098 


Typical Applications 


Y =RCin2 


FIGURE 28. TIME DELAY CIRCUIT: TERMINAL3“SINKS” AFTER FIGURE 29. TIME DELAY CIRCUIT: “SINK” CURRENT INTER- 
Y SECONDS RUPTED AFTER Y SECONDS 


COMPARATORS 


TANK 
\ 


SQUARE 
» WAVE 
OUTPUT 


JTL. notes: 


1. Motor pump is “ON” when water level rises above thermistor TH>. 
2. Motor pump remains “ON” until water level falls below thermistor TH,. 
3. Thermistors, operate in self heating mode. 


(B) 


FIGURE 30. SINEWAVE TOSQUARE WAVE CONVERTERWITH ~~ FIGURE 31. (A) WATER LEVEL CONTROL CIRCUIT 
DUTY CYCLE ADJUSTMENT (V, AND V,) (B) WATER LEVEL DIAGRAM FOR CIRCUIT 
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CA3098 


Typical Applications (Continued) 


TRIGGER , 
INPUT 


(ms) (uF) 
es ae ae ae 
ae Se ee ae 
Pee ee 


NOTE: Input pulse must be greater than ims but less than desired toy 


FIGURE 32. OFF/ON CONTROL OF TRIAC WITH PROGRAMMA- FIGURE 33. ONE SHOT MULTIVIBRATOR 
BLE HYSTERESIS 
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CA3290 


BiMOS Dual Voltage Comparator 
with MOSFET Input, Bipolar Output 


March 1993 
Features Description 
¢ MOSFET Input Stage The CA3290A and CA3290 types consist of a dual voltage 
- Very High Input Impedance (Z,y)....... 1.7TQ (Typ.) comparator on a single monolithic chip. The common mode 


- Very Low Input Current at V+=5V..... 3.5pA (Typ.) 
- Wide Common Mode Input Voltage Range (Vcr) can 
be swung 1.5V (Typ.) Below Negative Supply Volt- 


input voltage range includes ground even when operated 
from a single supply. The low supply current drain makes 
these comparators suitable for battery operation; their 
extremely low input currents allow their use in applications 


age Rail that employ sensors with extremely high source imped 
- kbd Eliminates Errors Due to Flow of Input 21.4. Package options are shown in the table below. 


¢ Output Voltage Compatible with TTL, DTL, ECL, MOS, 
and CMOS Logic Systems in Most Applications 


Applications 
¢ High Source Impedance Voltage Comparators 
e¢ Long Time Delay Circuits 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
CA3290AE -55°C to +125°C 8 Lead Plastic DIP 


CA3290AE 1 -55°C to +125°C 14 Lead Plastic DIP 
CA3290AT -55°C to +125°C 8 Pin TO-5 Can 


e Square Wave Generators CA3290BT -55°C to +125°C 8 Pin TO-5 Can 2 

MO Convetare CA3290E -55°C to +125°C —| 8 Lead Plastic DIP o 

Window C ' | CA3290E1 =| -55°C to+125°C ‘| 14 Lead Plastic DIP - 

Soe ae ae CA3290T -55°C to +125°C | 8 Pin TO-5 Can < 

5 

Pinouts CA3290/A (PDIP) Schematic Diagram we 
TOP VIEW 


OUTPUT (A1) | 1| 


CA3290A, CA3290, CA3290B (TO-5 CAN) 
TOP VIEW 


OUTPUT (A1) (1) (7) OUTPUT (A2) 
Fx AN 
LAA) 


(ONLY ONE IS SHOWN) 


= : 
C1 
5pF 


Ss tat ¥, 
as ee ' ; 
3 7 | OUTPUT (A2 BIASING CIRCUIT 
INV. INPUT (A1) ah A Fe (A2) FOR CURRENT 
NON-INV. INPUT (A1) [3 | 6 | INV. INPUT (A2) ; SOURCES eae 
v- n/ oh NON-INV. INPUT (A2) COMPARATOR NO. 1 V+ 1 No.2 
mee cae | PE , aes as 
CA3290A, CA3290 (PDIP) ; 
TOP VIEW ‘| | ‘| “| é 
a9 Qi0 ait Qi2 } ; 
INV. INPUT (A1) | 1, 14} NC* 100nA : 
| > 50uA| 100A] SOuA oa 
NON-INV. INPUT (A1) | 2| 3] NC* oO} ‘ 
12] OUTPUT (A Y 3 
e ‘ 
NC T (A1) a ae : 
v 4 141] Vv. , 4 
b2 pa Wj as| | Se 
NC* 10] OUTPUT (A2) 
Qi Q4 ' 314: 
NON-INV. INPUT (A2) | 6 19 | NC* : 
+V ; 
INV. INPUT (A2) 8 | NC* 
‘ é 
* Tie to GND or V+ for best Input/Output Isolation -V; | 
: { 
‘ 4 
, ‘ 
‘ é 
‘ 4 
r 4 
; / 
: ‘ 
r ‘ 
é , 
‘ 
‘ 
‘ 


INV. INPUT (A1) INV. INPUT (A2) 


Sap 


y- 


NON-INV. INPUT (A1) NON-INV. INPUT (A2) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 3-17 


File Number 1049.1 


Specifications CA3290, CA3290A 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage Operating Temperature Range ............. 
SHUG PRM 5 ORS Ph io hile abel dog ole vi wind beled ©» +36V Storage Temperature Range............... 
AUN CI css Srecccke F canis is slecasnpemeduaee meieeetaans he te +18V Thermal Package Characteristics (°C/W) 

Differential Input Voltage. ................ 36V or [(V+ - V-) +5V] 8 Lead Plastic DIP Package .......... 

(whichever is less) 14 Lead Plastic DIP Package ......... 


DC Input Voltage V+ +5V to V- -5V TO-5 Can Package 


eeeeeeeereeeeeeeeeeeeeeseee 


Output to V- Short Circuit Duration (Note 1).......... Continuous 
RS fn sao he oak b ok yeaa sae es eee 1mA 
SMI TORTOINIUNO ss co 5 orc ba pies cee cece s ce ea cess +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


55°C < Ty S$ +125°C 

~65°C < Ty < +150°C 
QUA 8Jc 
94 32 
107 38 
114 35 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V- = OV, Unless Otherwise Specified 


PARAMETER SYMBOL 
Vio 


Input Offset Voltage 


TEST CONDITIONS 
Ty = -55°C to +125°C, 
Vom oh Vo o 1.4V, V+ = 5V 


Ts = -55°C to +125°C, 

Vom = Vo = OV, V+ = +15V, 

V- = -15V 

Ta = +25°C, Vom = Vo 1 AV, 
V+ = 5V 

Ta = +25°C, Vom = Vo = OV, 
V+ =+15V, V- = -15V 


Temperature Coefficient | AV\o/AT 
of Input Offset Voltage 


Input Offset Current Ta = -55°C to +125°C, 


Vom = 1.4V, V+=5V 
Input Current ij 


Ta = -55°C to +125°C, 
Supply Current I+ 


Vom = OV, V+= +1 5V, 
V- = -15V 


Ta = +25°C, Vom = 1.4V, 
V+ =5V 


Ty = +25°C, Voy = OV, 
V+ = +15V, V- =-15V 


Ta = +125°C, Vom = 1.4V, 
V+ =5V 


Ta = +125°C, Vom _ OV, 
V+ =+15V, V- = -15V 


Ta = +25°C, Voy = 1.4V, 
V+ =5V 


Ta = +25°C, Vom = OV, 
V+ =+15V, V- =-15V 


Ty = -55°C, Ry =, V+ = 5V 
Ty = -55°C, Ry, =<, V+ = 30V 
Ty = +25°C, Ry = ©, V+ = 5V 
Ta = +25°C, Ry =<, V+ = 30V 


BEE 
oo ee 
pa 
Pa 
Pes 
a 
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Specifications CA3290, CA3290A 


Electrical Specifications V- = OV, Unless Otherwise Specified (Continued) 


PARAMETER SYMBOL TEST CONDITIONS 
Voltage Gain Ta = -55°C to +125°C, 
Ry, = 15kQ, V+ = +15V, Ve =-15V 
Ty = +25°C, R, = 15kQ, 
V+ =+15V, V- = -15V 
Saturation Voltage Vsat Ta = +125 °C, Isink = 4MA, 
V+ = 5V, +V, = OV, -V, =1V 
Ty = -55°C, Igink = 4MA, 
V+ = 5V, +V, = OV, -V, = 1V 
Ta= +25°C, Isink = = 4mA, 
V+ = 5V, +V; = OV, -V, =1V 
Ty =-55°C to +125°C, V+ = 15V 
Ta = -55°C to +125°C, V+ = 36V 
ie +25°C, V+ = 15V 
A= +25°C, V+ = 36V 


Vicr Ta = +25°C, Vo = 1.4V, V+ = 5V nen 5 
ey : 
Ta = +25°C, Vo = OV, eke 8 
V+ =+15V, V- =-15V 


LIMITS 


© 
ie 
g 
& 
ie 
S 
© 


NITS 
/mV 


Cc 


[Fit = < < 
<i< < < < < < < =z 


sala 


hee 
ce 


Output Leakage Current 


~ © 
om im 


Common Mode Input 
Voltage Range 


Oo oO 
bh N 
+ 
= 4) 
ro) 
= 
‘ 
oad 
So 
~ 


3.4 V+-3.8 | V+-3.4 
ne 4 6 \- V- -1.6 
Common Mode CMRR_ {| Ta = +25°C, V+ = +15V, 
Rejection Ratio V-= ae eer aes 
Power Supply Rejection T= ae V+ = +15V, 
Ratio V-=-1 Serer 
Response Time Rising T= Tene fon ae 5.1kQ, 
Edge V+ = 15V 
Response Time Falling Ta = +25°C, Ry, = §.1kQ, 
Edge V+ = 15V 
Large Signal Response Ta = +25°C, R, = 5.1kQ, 
Time V+ = 15V 
Ta = +25°C, Ry, = 5.1kQ, 
V+=5V 


NOTE: 
1. Short circuits from the output to V+ can cause excessive heating and eventual destruction of the device. 
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COMPARATORS 


CA3290, CA3290A 


Circuit Description 
The Basic Comparator 


Figure 1 shows the basic circuit diagram for one of the two 
comparators in the CA3290. It is generically similar to the 
industry type “139” comparators, with PMOS transistors 
replacing p-n-p transistors as input stage elements. Transis- 
tors Q1 through Q4 comprise the differential input stage, 
with Q5 and Q6 serving as a mirror connected active load 
and differential-to-single-ended converter. The differential 
input at Q1 and Q4 is amplified so as to toggle Q6 in 
accordance with the input signal polarity. For example, if 
+Vin is greater than -Vijy, Q1, Q2, and current mirror 
transistors Q5 and Q6 will be turned off; Transistors Q3, Q4, 
and Q7 will be turned on, causing Q8 to be turned off. The 
output is pulled positive when a load resistor is connected 
between the output and V+. 


In essence, Q1 and Q4 function as source followers to drive 
Q2 and Q3, respectively, with zener diodes D1 through D4 
providing gate oxide protection against input voltage 
transients (e.g., static electricity). The current flow in Q1 and 
Q4 is established at approximately 50,A by constant current 
sources I, and l3, respectively. Since Q1 and Q4 are 
operated with a constant current load, their gate-to-source 
voltage drops will be effectively constant as long as the input 
voltages are within the common-mode range. 


As a result, the input offset voltage (Vgsiq1) + VeE(a2) - 
VBE(Q3) = Ves(aa)) will not be degraded when a large 
differential de voltage is applied to the device for extended 
periods of time at high temperatures. 


Additional voltage gain following the first stage is provided by 
transistors Q7 and Q8. The collector of Q8 is open, offering 
the user a wide variety of options in applications. An 
additional discrete transistor can be added if it becomes 
necessary to boost the output sink current capability. 


The detailed schematic diagram for one comparator and the 
common current source biasing is shown on the front page. 
PMOS transistors Q9 through Q12 are the current source 
elements identified in Figure 1 as |, through l4, respectively. 
Their gate source potentials (Vgs) are supplied by a com- 
mon bus from the biasing circuit shown in the right hand por- 
tion of the Schematic Diagram. The currents supplied by 
Q10 and Q12 are twice those supplied by Q9 and Q11. The 
transistor geometries are appropriately scaled to provide the 
requisite currents with common V¢g applied to Q9 through 
Q12. 


FIGURE 1. BASIC CIRCUIT DIAGRAM FOR ONE OF THE TWO 
COMPARATORS 


Metallization Mask Layout 


<a 4-10 
(0.102 - 0.254) 
50-58 
(1.270 - 1.473) 


The photographs and dimensions of each chip represent a chip 
when it is part of the wafer. When the wafer is cut into chips, the 
cleavage angles are 57° instead of 90° with respect to the face of 
the chip. Therefore, the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 


Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in mils 
(10° inch) 


NOTE: Numbers in pads are for 8 lead DIP and TO-5 Can and num- 
bers outside of chip are for 14 lead DIP 
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CA3290, CA3290A 


Test Circuits and Waveforms 


Cc = 2pF 


TO 10X 
SCOPE 
PROBE 
WITH Cc. WITHOUT C, 
Top Trace = 4.5mV/Div = Vin Top Trace = 4.5mV/Div 
Bottom Trace = 10V/Div = Voyr Bottom Trace = 10V/Div 
H = 5ys/Div H = 5ys/Div 


FIGURE 2. PARASITIC OSCILLATIONS TEST CIRCUIT AND WAVEFORMS 


OVERDRIVE 
GND —> 


INPUT 


COMPARATORS 


100mV 20mV 5mV 5mV 20mV 100mV 
OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE 


FIGURE 3. NON-INVERTING COMPARATOR RESPONSE TIME TEST CIRCUIT AND WAVEFORMS 


+15V 
GND —> 

1k INPUT 

5.1k OVERDRIVE 

INPUT 
OUTPUT %, | | 
1k = 
= or TR die. Bes 
— 5mV 20mV 100mV 100mV 20mV 5mV 
OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVi 


FIGURE 4. INVERTING COMPARATOR RESPONSE TIME TEST CIRCUIT AND WAVEFORMS 
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CA3290, CA3290A 


Typical Performance Curves 


SUPPLY CURRENT (mA) 


15 20 25 30 35 40 45 
TOTAL SUPPLY VOLTAGE (V) 


FIGURE 5. SUPPLY CURRENT AS A FUNCTION OF SUPPLY 
VOLTAGE (BOTH AMPLIFIERS) 


10 


INPUT CURRENT (pA) 


1.0 2.0 3.0 4.0 5.0 
INPUT COMMON MODE VOLTAGE (V) 


FIGURE 7. INPUT CURRENT AS A FUNCTION OF INPUT COM- 


MON MODE VOLTAGE 


INPUT EXCURSIONS FROM V- TERMINAL (V) 


40 


30 
NEGATIVE SUPPLY VOLTAGE (V) 


15 20 25 35 


FIGURE 9. NEGATIVE COMMON MODE INPUT VOLTAGE 
RANGE AS A FUNCTION OF SUPPLY VOLTAGE 


Ta = +25°C 
V+ = +30V, V- = GND 


INPUT CURRENT (pA) 


10 15 20 25 30 


INPUT COMMON MODE VOLTAGE (V) 


FIGURE 6. INPUT CURRENT AS A FUNCTION OF INPUT COM- 
MON MODE VOLTAGE 


2 30 35 
POSITIVE SUPPLY VOLTAGE (V) 


-4.0 


INPUT EXCURSIONS FROM V+ TERMINAL (V) 


FIGURE 8. POSITIVE COMMON MODE INPUT VOLTAGE 
RANGE AS A FUNCTION OF SUPPLY VOLTAGE 


S| a BESS EE Ieee See Pa 


os ae eee Meemioer Gees Caer Seen 


ee MN Re en ae 
Sg BSE Soa 


Se 


10K 


INPUT CURRENT (pA) 
N 


100 
AMBIENT TEMPERATURE (°C) 


80 120 


FIGURE 10. INPUT CURRENT AS A FUNCTION OF AMBIENT 
TEMPERATURE 
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CA3290, CA3290A 


Typical Performance Curves (Continued) 


—T + | ES 
et 


OUTPUT SATURATION VOLTAGE 


mV 
10nA 100nA 


=e +25°CT) =e) 
a 55°C ‘SAR 


Bae ee eee: 
Stott te Roe 1. 
ae is 


OUTPUT SINK CURRENT 
FIGURE 11. OUTPUT SATURATION VOLTAGE AS A FUNCTION OF OUTPUT SINK CURRENT 


Operating Considerations 
Input Circuit 


The use of MOS transistors in the input stage of the CA3290 
series circuits provides the user with the following features 
for comparator applications: 


1. Ultra high input impedance (=1.7TQ); 


2. The availability of common mode rejection for input signals 
at potentials below that of the negative power supply rail; 


3. Retention of the in phase relationship of the input and out- 
put signals for input signals below the negative rail. 


Although the CA3290 employs rugged bipolar (zener) diodes 
for protection of the input circuit, the input terminal currents 
should not exceed 1mA. Appropriate series connected limit- 
ing resistors should be used in circuits where greater current 
flows might exist, allowing the signal input voltage to be 
greater than the supply voltage without damaging the circuit. 


Output Circuit 


The output of the CA3290 is the open collector of an n-p-n 
transistor, a feature providing flexibility in a broad range of 
comparator applications. An output ORing function can be 
implemented by parallel connection of the open collectors. 
An output pull-up resistor can be connected to a power 
supply having a voltage range within the rating of the 
particular CA3290 in use; the magnitude of this voltage may 
be set at a value which is independent of that applied to the 
V+ terminal of the CA3290. 


Parasitic Oscillations 


The ideal comparator has, among other features, ultra high 
input impedance, high gain, and wide bandwidth. These 
desirable characteristics may, however, produce parasitic 
oscillations unless certain precautions are observed to 


minimize the stray capacitive coupling between the input and 
output terminals. Parasitic oscillations manifest themselves 
during the output voltage transition intervals as the 
comparator switches states. For high source impedances, 
stray capacitance can induce parasitic oscillations. The 
addition of a small amount (imV to 10mV) of positive 
feedback (hysteresis) produces a faster transition, thereby 
reducing the likelihood of parasitic oscillations. Furthermore, 
if the input signal is a pulse waveform, with relatively rapid 
rise and fall times, parasitic tendencies are reduced. 


When dual comparators, like the CA3290, are packaged in 
an 8 lead configuration, the output terminal of each 
comparator is adjacent to an input terminal. The lead-to-lead 
capacitance is approximately 1pF, which may be sufficient to 
cause undesirable feedback effects in certain applications. 
Circuit factors such as impedance levels, supply voltage, 
switching rate, etc., may increase the possibility of parasitic 
oscillations. To minimize this potential oscillatory condition, it 
is recommended that for source impedances greater than 
1kQ a capacitor (2 1pF - 2pF) be connected between the 
appropriate input terminal and the output terminal. (See 
Figure 2.) 


The CA3290A and CA3290 are also supplied in a 14 lead 
dual-in-line plastic package. To minimize the possibility of 
parasitic oscillations the input and output terminals are 
positioned on opposite sides of the package. In addition, 
there are two leads between the output terminal of each 
comparator and its corresponding inverting input terminal, 
reducing the input/output coupling significantly. These leads 
(8, 9, 13, 14) should be tied to either the V+ or V- supply rail. 
If either comparator is unused, its input terminals should also 
be tied to either the V+ or V- supply rail. 
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COMPARATORS 


CA3290, CA3290A 


Typical Applications 
Light Controlled One-Shot Timer 


In Figure 12 one comparator (A1) of the CA3290 is used to 
sense a change in photo diode current. The other compara- 
tor (A2) is configured as a one-shot timer and is triggered by 
the output of A1. The output of the circuit will switch to a low 
State for approximately 60 seconds after the light source to 
the photo diode has been interrupted. The circuit operates at 
normal room lighting levels. The sensitivity of the circuit may 
be adjusted by changing the values of R1 and R2. The ratio 
of R1 to R2 should be constant to insure constant reverse 
voltage bias on the photo diode. 


9 +15V 


FIGURE 12. LIGHT CONTROLLED ONE-SHOT TIMER 
Low-Frequency Multivibrator 


In this application, one half of the CA3290 is used as a 
conventional multivibrator circuit. Because of the extremely 
high input impedance of this device, large values of timing 
resistor (R1) may be used for long time delays with relatively 
small leakage timing capacitors. The second half of the 
CA3290 is used as an output buffer to insure that the multivi- 
brator frequency will not be affected by output loading. RP is 
the parallel combination of the two 1MQ resistors connected 
between +15V and GND. 


+15V 


+15V 


1MQ 


Rpme 


T = Period = 10s 


= 2R1Clog, (= +1) 


R2 
1MQ 
FIGURE 13. LOW FREQUENCY MULTIVIBRATOR 


Window Comparator 


Both halves of the CA3290 can be used in a high input 
impedance window comparator as shown in Figure 14. The 
LED will be turned “on” whenever the input signal is above 
the lower limit (V_) but below the upper limit (Vy), as 
determined by the R1/R2/R3 resistor divider. 


+15V 


LED 


6702 


2N2102 


FIGURE 14. WINDOW COMPARATOR 
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March 1993 Precision Quad Comparator 
Features Description 
e Fast Response Time .........--eeeeeeeecees 130ns The HA-4900 series are monolithic, quad, precision compar- 
¢ Low Offset Voltage........2.2.eeeeceececees 2.0mv ators offering fast response time, low offset voltage, low off- 
set current and virtually no channel-to-channel crosstalk for 
e Low Offset Current ........cceeccceececeeces 10nA 


e Single or Dual Voltage Supply Operation 
Selectable Output Logic Levels 


Active Pull-Up/Pull-Down Output Circuit. No External 
Resistors Required 


Applications 


e Threshold Detector 

e Zero Crossing Detector 

¢ Window Detector 

e Analog Interfaces for Microprocessors 
High Stability Oscillators 

Logic System Interfaces 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


applications requiring accurate, high speed, signal level 
detection. These comparators can sense signals at ground 
level while being operated from either a single +5V supply 
(digital systems) or from dual supplies (analog networks) up 
to +15V. The HA-4900 series contains a unique current 
driven output stage which can be connected to logic system 
supplies (Viogict aNd Viogic:) to make the output levels 
directly compatible (no external components needed) with 
any standard logic or special system logic levels. In 
combination analog/digital systems, the design employed in 
the HA-4900 series input and output stages prevents 
troublesome ground coupling of signals between analog and 
digital portions of the system. 


These comparators’ combination of features make them 
ideal components for signal detection and processing in data 
acquisition systems, test equipment and microprocessor/ 
analog signal interface networks. 


For military grade product, refer to the HA-4902/883 data 
sheet. 


Pinout 
HA-4900, HA-4902 (CDIP) HA-4905 
HA-4905 (PDIP, CDIP, 300 mil SOIC) (PLCC) 
TOP VIEW TOP VIEW 
wz 


COMPARATORS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 2855.1 


Specifications HA-4900, HA-4902, HA-4905 


Absolute Maximum Ratings (Note 1) 


Supply Voltage (Between V+ and V- Terminals)............. 33V 
Differential Input Voltage... ...... 0. cc ccc ccc cece cece 15V 
Voltage Between V,_¢\.+ and {PRES tes PCE err 18V 
GUE CAMIOU 5 4205 olds Sad besa d ik kT secs cececee 50mA 
Power Dissipation (Notes 7, 8) 

Junction Temperature... 1.2... cc ccc ccc cece ccc ence +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)...............0. +300°C 


Operating Conditions 

Operating Temperature Range 
AMOOO Beco cis. wc cc ka sees 55°C < Ty < +125°C 
REI 5 Sc 5.5400 cee'k pea ea ees -55°C < Ty $ +125°C 
Se) a a ris ere Sey era 0°C < Ty < +75°C 

Storage Temperature Range............... ~65°C < Ty < +150°C 

Thermal Package Characteristics (°C/W) . . Bia Bic 
Ceramic DIP Package............... 71 13 
Plastic DIP- Package ...ccccscscctses 86 25 
DG PACKAGO 0s sc cece eee seus Uti 96 26 
Ar IONIO 6560 ia cv ané ee oe eens ee 74 32 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, v- = -15V, Viogict = 5V, Viogic: = GND 


PARAMETER 
INPUT CHARACTERISTICS 
Offset Voltage (Note 2) 


TEMP 


nS 
or 
3 


Offset Current 


Bias Current (Note 3) 


Large Signal Voltage Gain 


Response Time (Tpp0) 
(Note 5) 


Response Time (Tpp1) +25°C 
(Note 5) 


OUTPUT CHARACTERISTICS 
Output Voltage Level 


Logic “Low State” (Vo) 
(Note 6) 


Logic “High State” (Voy) 
(Note 6) 


Output Current 


ISink 


HA-4900-2 HA-4902-2 HA-4905-5 
-55°C to +125°C -55°C to +125°C 0°C to +75°C 


Oe ie 


ne 
oO 
3 


UNITS 


3 
< 


os ~ N 
n> o on 


< 
Ss 
+ 


“<2 

no 

ni S 
' 


: 


Ab [= 
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Specifications HA-4900, HA-4902, HA-4905 


Electrical Specifications V+ = +15v, V- =-15V, Viogict = 5V, Viogic- = GND (Continued) 


HA-4900-2 HA-4902-2 HA-4905-5 
-55°C to +125°C -55°C to +125°C 0°C to +75°C 
PARAMETER TEMP 


POWER SUPPLY CHARACTERISTICS 


Supply Current, Ips (+) +25°C Bes 
Supply Current, Ips (-) +25°C ae ae 
Supply Current, Ipg (Logic) +25°C ae 


Be RUS See SS ee 
rere SS oe a ee 
ee eo, ee ee 
Supply Voltage Range 

x [io V/- Jommfen | - [wal a 
Vioaic- (Note 8) Pe ee) ele SL ee 
NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 

2. Minimum differential input voltage required to ensure a defined output state. 

3. Input bias currents are essentially constant with differential input voltages up to +9V. With differential input voltages from +9V to +15V, 
bias current on the more negative input can rise to approximately 500A. This will also cause higher supply currents. 

4. Rg < 200Q Vy s Common Mode Range. Input sensitivity is the worst case minimum differential input voltage required to guarantee a 
given output logic state. This parameter includes the effects of offset voltage, offset current, common mode rejection, and voltage gain. 

5. For Tpp(1); 100mvV input step, -10mV overdrive. For Tpp(0); -100mvV input step, 10mV overdrive. Frequency ~ 100Hz; Duty Cycle ~ 50%; 
inverting input driven. See Test Circuit on next page. All unused inverting inputs tied to +5V. 

6. For Voy and Voz: Isink = lsournce = 3-0mA. For other values of Viogic; Vou (min.) = Viogics -1-5V. 

7. Maximum power dissipation, including output load, must be designed to maintain the junction temperature below +175°C for ceramic 
packages, and below +150°C for plastic packages. 

8. Total Power Dissipation (T.P.D.) is the sum of individual dissipation contributions of V+, V- and Viogic shown in curves of Power Dissi- 
pation vs Supply Voltages (see Performance Curves). The calculated T.P.D. is then located on the graph of Maximum Allowable Package 
Dissipation vs Ambient Temperature to determine ambient temperature operating limits imposed by the calculated T.P.D. (See 


Performance Curves). For instance, the combination of +15V, -15V, +5V, OV (V+, V-, Viogict: Viocic") gives a T.P.D. of 350mW, the 
combination +15V, -15V, +15V, OV gives a T.P.D. of 450mW. 


Viocict (Note 8) 


Schematic Diagram 


ONE FOURTH ONLY a 
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COMPARATORS 


HA-4900, HA-4902, HA-4905 


Test Circuits 


+15V Tpp(0) Tpp(1) 
: 5V 


OVERDRIVE 


© Vout 


OVERDRIVE 


-15V 
OUTPUT 


Tpp(0) 
Tx0 Tx0 


Typical Performance Curves 1, = +25°C, Vs = +15, Viogict = 5V, Vioaic: = OV, Unless Otherwise Specified 


< rd 
c 
: g 
G 
3 
= 3 
” 
s 
mn ” 
5 it 
a. ° 
= te 
> 
a 
z 
-55 -25 0 25 50 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 1. INPUT BIAS CURRENT vs TEMPERATURE FIGURE 2. INPUT OFFSET CURRENT vs TEMPERATURE 


oe 
oO 


INPUT BIAS CURRENT (nA) 
no & 
a 


COMMON MODE INPUT VOLTAGE 


FIGURE 3. INPUT BIAS CURRENT vs COMMON MODE INPUT VOLTAGE (Vpjer = OV) 
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HA-4900, HA-4902, HA-4905 


Typical Performance Curves T, = +25°C, Vs = +15V, Vioaict = 5V, Vioaic- = OV, Unless Otherwise Specified (Continued) 
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FIGURE 4. SUPPLY CURRENT vs TEMPERATURE (FOR +15V FIGURE 5. SUPPLY CURRENT vs TEMPERATURE (FOR SINGLE 
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OVERDRIVE = 5mV 
OVERDRIVE = 2mV 
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FIGURE 6. RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 
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HA-4900, HA-4902, HA-4905 


PACKAGE DISSIPATION (W) 


100 125 
AMBIENT TEMPERATURE (°C) 


0 25 50 75 


FIGURE 7. MAXIMUM PACKAGE DISSIPATION vs AMBIENT 


TEMPERATURE 


Applying the HA-4900 Series Comparators 
1. SUPPLY CONNECTIONS: This device is exceptionally 


versatile in working with most available power supplies. 
The voltage applied to the V+ and V- terminals deter- 
mines the allowable input signal range; while the voltage 
applied to the V_+ and V,- determines the output swing. 
In systems where dual analog supplies are available, 
these would be connected to V+ and V-, while the logic 
supply and return would be connected to Vi ogict+ and 
Vioaic:. The analog and logic supply commons can be 
connected together at one point in the system, since the 
comparator is immune to noise on the logic supply 
ground. A negative output swing may be obtained by 
connecting V,+ to ground and V,- to a negative supply. 
Bipolar output swings (15Vp.p , max.) may be obtained 
using dual supplies. In systems where only a single logic 
supply is available (+5V to 15V), V+ and Vi ogict may be 
connected together to the positive supply while V- and 
Viogic: are grounded. If an input signal could swing 
negative with respect the V- terminal, a resistor should be 
connected in series with the input to limit input current to 
< 5mA since the C-B junction of the input transistor would 
be forward biased. 
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POWER DISSIPATION (mW) 


Typical Performance Curves 1, = +25°C, Vs = +15V, Vioaict = 5V, Viogic- = OV, Unless Otherwise Specified (Continued) 


SUPPLY VOLTAGE (V) 


FIGURE 8. MAXIMUM POWER DISSIPATION vs SUPPLY 


2. 


VOLTAGE (NO LOAD CONDITION) 


UNUSED INPUTS: Inputs of unused comparator sections 
should be tied to a differential voltage source to prevent 
output “chatter”. 


. CROSSTALK: Simultaneous high frequency operation of 


all other channels in the package will not affect the output 
logic state of a given channel, provided that its differential 
input voltage is sufficient to define a given logic state 
(AVin 2 tVog). Low level or high impedance input lines 
should be shielded from other signal sources to reduce 
crosstalk and interference. 


. POWER SUPPLY DECOUPLING: Decouple all power sup- 


ply lines with 0.01p.F ceramic capacitors to ground line locat- 
ed near the package to reduce coupling between channels 
or from external sources. 


. RESPONSE TIME: Fast rise time (< 200ns) input pulses 


of several volts amplitude may result in delay times 
somewhat longer than those illustrated for 100mV steps. 
Operating speed is optimized by limiting the maximum 
differential input voltage applied, with resistor-diode 
clamping networks. 


HA-4900, HA-4902, HA-4905 


Typical Applications 
Data Acquisition System 


in this circuit the HA-4900 series is used in conjunction with 
a D to A converter to form a simple, versatile, multi-channel 
analog input for a data acquisition system. In operation the 
processor first sends an address to the D to A, then the 
processor reads the digital word generated by the compara- 
tor outputs. To perform a simple comparision, the processor 
sets the D to A to a given reference level, then examines one 
or more comparator outputs to determine if their inputs are 
above or below the reference. A window comparison 
consists of two such cycles with 2 reference levels set by the 
D to A. One way to digitize the inputs would be for the 
processor to increment the D to A in steps. The D to A 
address, as each comparator switches, is the digitized level 
of the input. While stairstepping the D to A is slower than 
successive approximation, all channels are digitized during 
one staircase ramp. 


‘_—eewr eww ewww ewe dd 


MEMORY 
MICRO- 
, | PROCESSOR 
‘ 
' 


nmaenwmaenanwnaenaewwnwawwaaws 


Hi- 


ANALOG 
INPUTS 
INTERFACE 


nan wnwnw wenn eww want 


ANALOG INPUT MODULE PROCESSOR 


Logic Level Translators 


The HA-4900 series comparators can be used as versatile 
logic interface devices as shown in the circuits above. 
Negative logic devices may also be interfaced with 
appropriate supply connections. If separate supplies are 
used for V- and Viggic-, these logic level translators will 
tolerate several volts of ground line differential noise. 


+5.0V Voc 
: +5V TO +15V |} 


TTL TO CMOS CMOS TO TTL 


RS-232 To CMOS Line Receiver 


This RS-232 type line receiver to drive CMOS logic uses a 
Schmitt trigger feedback network to give about 1V input hys- 
teresis for added noise immunity. A possible problem in an 
interface which connects two equipments, each plugged into 
a different AC receptacle, is that the power line voltage may 
appear at the receiver input when the interface connection is 
made or broken. The two diodes and a 3W input resistor will 
protect the inputs under these conditions. 


10V 


51kQ 


1N4001’s 


Window Detector 


The high switching speed, low offset current and low offset 
voltage of the HA-4900 series makes this window detector 
circuit extremely well suited to applications requiring fast, 
accurate, decision-making. The circuit above is ideal for 
industrial process system feedback controllers or “out-of- 
limit” alarm indicators. 
+15V 
5 Voc 
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COMPARATORS 


HA-4900, HA-4902, HA-4905 


Oscillator/Clock Generator Schmitt Trigger (Zero Crossing Detector With Hysteresis) 


This self-starting fixed frequency oscillator circuit gives This circuit has a 100mV hysteresis which can be used in 
excellent frequency stability. R, and C, comprise the applications where very fast transition times are required at 
frequency determining network while R, provides the the output even though the signal input is very slow. The 
regenerative feedback. Diode D, enhances the stability by hysteresis loop also reduces false triggering due to noise on 
compensating for the difference between Vo, and Vsyppry. the input. The waveforms below show the trip points 
In applications where a precision clock generator up to developed by the hysteresis loop. 

100kHz is required, such as in automatic test equipment, C, 


may be replaced by a crystal. " . +5V 


Re 
hg 150kQ 


© Von = 4.2V 


c 
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INPUT TO OUTPUT WAVEFORM SHOWING HYSTERESIS TRIP 
POINTS 
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PRELIMINARY 

March 1993 
Features 
¢ Low Propagation Delay (0003/0003L).......... 2.0/2.1ns 
e. Leow Latch Set Up Time «2... soso ae iisifw-wiewis's gk 0.8ns 
e Low Offset Voltage, Drift Coefficient ..... 1.0mV, 4.V/°C 
e Wide Common Mode Range ..............2. +5.2/-2.8V 
¢ Low Power Dissipation ...........2eeeeeeeees 200mW 
¢ Large Differential Input Resistance ..............- 1MQ 
¢ Complementary ECL Outputs; 502 Driving Capability 
¢ Resistor Programmable Hysteresis with HFA-0003L 
¢ Pin Compatible with MAX9690/9685 and AD96685 
e Available in SOIC 


Applications 


Window Detector 

High Speed Peak Detector 

High Speed Threshold Detector 

High Speed Data Acquisition Systems 
Fiber Optic Decision Circuits 

High Speed Phase Detector 
Frequency Counter 

Ordering Information 


PART 
NUMBER 


HFA1-0003L-5 
HFA1-0003L-9 
HFA2-0003L-5 
HFA2-0003L-9 
HFA3-0003-5 
HFA3-0003-9 
HFA3-0003L-5 
HFA3-0003L-9 
HFA7-0003-5 
HFA7-0003-9 
HFA9P0003-5 
HFAQPOO003L-5 
HFA9PO0003L-9 


0°C to +75°C + | 16 Lead Ceramic Sidebraze DIP 
-40°C to +85°C | 16 Lead Ceramic Sidebraze DIP 


(FO to +75%O 
8 Lead SOIC 
40°C 10 +85°O 


HFA-0003 
HFA-0003L 


Ultra High Speed Comparator 


Description 


The HFA-0003/0003L are monolithic, ultra high speed, 
voltage comparators. These comparators combine a 
low input offset voltage (1.0mV) with a low propagation 
delay (2.0ns) to achieve a large dynamic input range. 
The low offset voltage also makes these comparators 
ideally suited for high speed, precision analog-to- 
digital processing applications. The circuits have 
differential analog inputs, and provide complementary, 
ECL compatible (10K and 100K) logic outputs. The 
outputs are capable of supplying the current required 
by terminated 50Q transmission lines. Both outputs 
are open emitter structures, requiring external pull- 
down resistors. The recommended circuit is 50Q 
connected to -2.0V, but any equivalent ECL 
termination circuit may be used. 


The HFA-0003L is a latched version of the HFA-0003. 
The latch function allows the HFA-OOO3L to operate in 
sample-hold or track-hold modes, when synchronous 
detection is required. The Latch Enable (LE) input can 
be driven by a standard ECL gate. See the Applica- 
tions section for more information on this feature. 


The HFA-QO03L also has an additional feature, user 
programmable hysteresis. By connecting a resistor 
from the HYS pin to GND the user can select up to 
20mV of input hysteresis. See the Applications section 
for more information on this feature. 


The HFA-0003 is pin compatible with the MAX9690, 
and SP9680 while providing improved performance. 
The HFA-OOO3L is pin compatible with the MAX9685, 
AD96685, SP9685, HCMP96850, and the VC7695 
while providing improved performance. 


Refer to the /883 datasheets for military compliant 
product. 


Pinouts 


HFA-0003 (PDIP, CDIP, SOIC) 
TOP VIEW 


GND1 
18 | GND 1 (DIGITAL) (DIGITAL) a 


GND 2 (ANALOG) V+ [2 
r6] GouT +IN [3 
>] Q OUT “IN LA 

ne [5] 
LE [6| 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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HFA-0003L (PDIP, CDIP, 150 mil SOIC) 
TOP VIEW 


4a Q OUT 
44] Q OUT 


HFA-0003L (TO-100 CAN) 
TOP VIEW 


GND1 
(DIGITAL) 


2749.3 


File Number 
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Specifications HFA-0003, HFA-0003L 


Absolute Maximum Ratings (Note 1) Operating Conditions 
SHANE WUNMIE TONNES VT. Se occ eect vince emt vaudesn 8V Operating Temperature Range 
Supply Vollage (GND 10 V-) 0c lice cence een auces 18V HFA-0003/HFA-O003L-9 ..............26. -40°C < Ty < +85°C 
Voltage Between V+ and V- Terminals.................05. 20V HFA-OOO3/HFA-OO03L-5 ..............208. 0°C < Ty < +75°C 
Differential Input Voltage......... 2.0... 2c eee eee ee ees 5.5V Storage Temperature Range............... -65°C < Ty s +150°C 
SOOM oe eg os oo gh ce ks ob dg 6 kn aha ek +5V Thermal Package Characteristics (°C/W) By Bic 
Differential Ground Voltage (GND1 to GND2)................ +1V 8 Lead Ceramic Sidebrazed DIP....... 75 13 
Short Duration Output Current (Note 2)................. -35mA S tee Pee DIP oo. sos os ks nie ues 96 34 
SPE MRNCAN, TNPIMIOMUIN OD os 5s. 5 5 ao wien do ho we'd a soe copa +175°C Ne sss sacs es 157 43 
Junction Temperature (Plastic Package) ............... +150°C 16 Lead Ceramic Sidebrazed DIP...... 75 13 
Lead Temperature (Soldering 10 Sec.)................. +300°C 46 Lead Plastic DIP... sec TEE: 92 32 
16 Epa SOIC: 005... Oe FET 114 35 
TO-100 Metal CAN ................. 108 32 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 5v, v- = -5.2V, R, = 509 to -2V, Unless Otherwise Specified 


HFA-0003-5/-9 HFA-0003L-5/-9 
PARAMETER TEMPERATURE TYP 


INPUT CHARACTERISTICS 


Input Offset Voltage (Vos) 
Average Offset Voltage Drift (Note 8) 
Input Bias Current 
Input Offset Current 
Common Mode Range 
Differential Input Resistance 
Common Mode Input Resistance 
Input Capacitance 
TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain 
Common Mode Rejection Ratio 
ane 
Tracking Bandwidth (Note 4) 
SWITCHING CHARACTERISTICS 

Propagation Delay Input to Output 
(tpp)(Notes 5, 8, 9) 
Maximum Dispersion (Notes 6, 8) 


OUTPUT CHARACTERISTICS 
Output Voltage Level: 
Logic Low (Vo,) +25°C 
Full 
Logic High (Voy) +25°C 
Full 
Full 
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Continuous Output Current (Note 2) 
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Specifications HFA-0003, HFA-O003L 


Electrical Specifications V+ = 5v, V- = -5.2V, R,, = 502 to -2V, Unless Otherwise Specified (Continued) 


HFA-0003-5/-9 HFA-0003L-5/-9 
PARAMETER TEMPERATURE 


LATCH CHARACTERISTICS (HFA-0003L ONLY) 


En oh eee at Oe ee 
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LE Input Voltage Level: 


Logic Low (Vj,) 
Logic High (Vj) 


LE Input Current Level: 


vce 


~ 
N 


Minimum Hold Time (t,) (Notes 8, 9) 


Minimum LE Pulse Width (toy) 
ae 


POWER SUPPLY 


Penn 7) 
loc 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the servicability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. Exposure to absolute maximum rating conditions may affect device 
reliability. 


2. Outputs have no sink current (+1) capability, since they are open emitter NPN transistors. 
3. -2.0V < Voy s +4.0V. 


4. Tracking Bandwidth (TBW) is defined as the maximum input frequency at which the outputs still switch between Vo, and Voy. 
Vin = 15mVp-p sinewave centered on OV. 


. Vin = 100MV. Vop is the amount of input overdrive. 

. Dispersion is defined as the change in propagation delay for input overdrives between 0.1V and 1.0V. 
+4.5V < V+ < +5.5V or -6.2V < V- < -4.7V. 

. This parameter is not tested. It is guaranteed by design, and by device characterization. 

. Vop = 10mvV. 
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COMPARATORS 


HFA-0003, HFA-0003L 


Applications Information 
HFA-0003L Latch Functionality 


The Latch Enable (LE) pin of the HFA-O003L controls the 
function of the on chip latch. When the LE input is at an ECL 
Logic 1, the latch is open (transparent) and the comparator 
functions normally. When the LE input switches to a Logic 0, 
the outputs are latched in unambiguous states dependant on 
the current input state, providing the set-up and hold times 
are met. If the latch function is not utilized, the LE input must 
be connected to an ECL Logic 1 (e.g. GND). 


HFA-0003L Hysteresis Functionality 


To improve performance in systems with slow transition 
times, and/or high noise levels, the HFA-O003L allows the 
user to easily set the amount of input hysteresis. The hyste- 
resis level is set by the current flowing into the HYS input; 
the larger the current the larger the level of hysteresis. This 
current is provided by connecting a resistor (Ry) between 


the HYS pin and GND, and it is recommended that the input 
current not exceed 1mA. The input current can be approxi- 
mated from the following formula: 

pak GND - (V-) -0.7V 

H Ry 
The table below gives approximate levels of hysteresis for 
some values of I,,, at Ta = +25°C. 


Tem [ 02 [os [oe | oe | wo 
om [1 f«[s | «| 2 


If the hysteresis function isn’t used, the HYS input may be 
left floating, or may be connected to V-. The HYS input 
MUST NEVER BE CONNECTED directly to GND or V+, as 
device damage will occur. Before inserting an HFA-O003L 
into a competitor socket, the user must ensure that the cor- 
responding socket pin is a true no connect (i.e. is floating). 


Timing Diagram 


COMPARE 


LATCHED 
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SAMPLE AND HOLD AMPLIFIER DATA SHEETS 

HA-2420, Fast Samire and Hold AMpuners «.. 5 b.0 dsrvniecpene cc beak de PRB ene WS doe cee Caapeseppies 4-3 
HA-2425 

HA-5320 High Speed Precision Monolithic Sample and Hold Amplifier............. 0.0.0... eee eae 4-12 
HA-5330 Very High Speed Precision Monolithic Sample and Hold Amplifier....................2.06- 4-19 
HA-5340 High Speed, Low Distortion, Precision Monolithic Sample and Hold Amplifier................ 4-23 
HA5350, Ultra Fast (50ns) Sample and Hold Amplifiers .............. 0.0.0... cece eee ee eee ee 4-31 
HA5351 

HA5352 Ultra Fast (50ns) Dual Sample and Hold Amplifier ................... 2c. eee eee eee 4-36 
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Selection Guide 


SAMPLE AND HOLD AMPLIFIERS: Typical Values at +25°C, Unless 
SAMPLE/HOLD | TEMPERATURE 
TYPE TYPE 


HA1-2420-2 Low Droop Rate 
HA1-2420/883 
HA1-2425-5 
HA3-2425-5 
HA4-2420/883 
HA4P2425-5 
HA9QP2425-5 
HA1-5320-2 
HA1-5320-5 ay Prachion: 
HA1-5320/883 | Complete - 
Includes Hold 
HA3-5320-5 — | Capacitor 
HA4-5320/883 
HA9P5320-5 
HA9P5320-9 
HA1-5330-5 
HA1-5330-4 
HA1-5330-2 
HA1-5330/883 
HA3-5330-5 
HA4-5330/883 
HA1-5340-5 
HA1-5340-9 
HA 1-5340/883 
HA3-5340-5 
HA3-5340-9 
HA4-5340/883 
HA9P5340-5 
HA5350IP 
HA53501IJ 
HA53501B 


High Speed, 


Very High Speed, 
Precision, 
Monolithic, 
Complete Includes 
Hold Capacitor 


High Speed, Low 
Distortion - Includes 
Hold Capacitor 


Ultra High Speed 
and Low Power 
Includes Hold 
Capacitor, Full 
Featured 


HA53511P 
HA535 11J 
HA53511B 


Ultra High Speed 
and Low Power, 
Includes Hold 
Capacitor, Low Pin 
Count 


HA5352IP 
HA53521J 
HA5352!B 


Dual, Ultra High 
Speed and Low 
Power, Includes 
Hold Capacitor 
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-55°C to +125°C 
-55°C to +125°C 
0°C to +75°C 
0°C to +75°C 
-55°C to +125°C 
0°C to +75°C 
0°C to +75°C 
-55°C to +125°C 
0°C to +75°C 
-55°C to +125°C 
0°C to +75°C 
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0°C to +75°C 
-40°C to +85°C 
0°C to +75°C 
-25°C to +85°C 
-55°C to +125°C 
-55°C to +125°C 
0°C to +75°C 
-55°C to +125°C 
0°C to +75°C 
-40°C to +85°C 
-55°C to +125°C 
0°C to +75°C 
-40°C to +85°C 
-55°C to +125°C 
0°C to +75°C 
-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 


‘ 


-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 


-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 


14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Plastic DIP 
20 Lead LCC Ceramic 
20 Lead PLCC 

14 Lead SOIC 

14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Plastic DIP 
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16 Lead 300 mil SOIC 
16 Lead 300 mil SOIC 
14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Plastic DIP 
20 Lead LCC Ceramic 
14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Ceramic DIP 
14 Lead Plastic DIP 
14 Lead Plastic DIP 
20 Lead LCC Ceramic 
16 Lead 300 mil SOIC 
14 Lead Plastic DIP 
14 Lead Ceramic DIP 
14 Lead SOIC 


8 Lead Plastic DIP 
8 Lead Ceramic DIP 
8 Lead SOIC 


14 Lead Plastic DIP 
14 Lead Ceramic DIP 
16 Lead 300 mil SOIC 
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ACQUISITION 
TIME 
(TO 0.01%) 


(Cy = Internal) 


APERTURE 
TIME 


+10ns 


+10ns 


+10ns 


GAIN 
BANDWIDTH 
PRODUCT 


2.5MHz 


2.0MHz 
(Cy = 100pF) 


4.5MHz 
10MHz 


20MHz 


20MHz 
20MHz 
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HA-2420, HA-2425 


March 1993 Fast Sample and Hold Amplifiers 


Features 


¢ Maximum Acquisition Time 


Description 
The HA-2420 and HA-2425 is a monolithic circuit consisting 


--10V Stepto0.1%6 i eerie rs ceerrnsi ies 4us of a high performance operational amplifier with its output in 
2 MOV-Stép te 010196. 28h) i 2068 FOr) eave’. 6us series with an ultra-low leakage analog switch and JFET 
input unity gain amplifier. 
¢ Low Droop Rate (C,, = 1000pF)........ 5uV/ms 
P (Cys PF) H (Typ) With an external holding capacitor connected to the switch 
¢ Gain Bandwidth Product ............. 2.5MHz (Typ) output, a versatile, high performance sample-and-hold or 
° Low Effective Aperture Delay Time ....... 30ns (Typ) track-and-hold circuit is formed. When the switch is closed, 


¢ TTL Compatible Control Input 
e +12V to +15V Operation 


Applications 
¢ 12 Bit Data Acquisition 
Digital to Analog Deglitcher 


Auto Zero Systems 
e Peak Detector 


¢ Gated Operational Amplifier 


Ordering Information 


wween | “range | racer 
NUMBER RANGE 


the device behaves as an operational amplifier, and any of 
the standard op amp feedback networks may be connected 
around the device to control gain, frequency response, etc. 
When the switch is opened the output will remain at its last 
level. 


Performance as a sample-and-hold compares very favorably 
with other monolithic, hybrid, modular, and discrete circuits. 
Accuracy to better than 0.01% is achievable over the 
temperature range. Fast acquisition is coupled with superior 
droop characteristics, even at high temperatures. High slew 
rate, wide bandwidth, and low acquisition time produce 
excellent dynamic characteristics. The ability to operate at 
gains greater than 1 frequently eliminates the need for 
external scaling amplifiers. 


The device may also be used as a versatile operational 
amplifier with a gated output for applications such as analog 
switches, peak holding circuits, etc. For more information, 
please see Application Note 517. 


The MIL-STD-883 data sheet for this device is available on 
request. 


Pinouts 
HA-2420 (CDIP) HA-2425 
HA-2425 (CDIP, PDIP, AND SOIC) (PLCC) 
TOP VIEW TOP VIEW 
Q 
Zz zo z 
an [7] 14] S/H CONTROL ei OPM, 
+IN | 2) 13] GND 
OFFSET ADv. | 3! 12) NC OFFSET ADu. [4] NC 
OFFSET AD\J. | 4| 41] HOLD CAP. NC [5] H7] NC 
V- hol NC OFFSET ADJ. 16. 16] HOLD CAP. 
y- [8] NC 
OUTPUT 8 | NC 
9 | 4] HQ 3 
g5ee3 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications HA-2420, HA-2425 


Absolute Maximum Ratings Operating Conditions 

Voltage Between V+ and V- Terminals ............002000-- 40V Operating Temperature Range 3 

Differential Input Voltage. ........ 0... cece eee eee eee eee 24V RAs Seer a ops he eae cee ee -55°C < Ta S$ +125°C 
Digital Input Voltage (Sample and Hold Pin) ........... +8V, -15V WN 50 is Secs ws 5 ak TER A Has 0°C < Ty < +75°C 
Oinmut GINTOREs ceca sec eo ee ce ea > Short Circuit Protected Storage Temperature Range............... ~65°C < Ty, < +150°C 
SILO TOTO OULD 45, °c Abies 34.5 3.0.0 9.5 64m ea +175°C Supply Voltage Range (TYP)...............000-0e +12V to +15V 
Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions (Unless Otherwise Specified) Vsyppyy = 15-0V ; Cy = 1000pF; Digital Input: V_ = +0.8V 
(Sample), Vi, = +2.0V (Hold), Unity Gain Configuration (Output tied to Negative Input) 


a 
se ee eae alae 


INPUT CHARACTERISTICS 


Input Voltage Range +10 +10 


Offset Voltage +25°C 


= 


=| 


= 


+25°C 


> 


' 


> 


Bias Current 


> 


Offset Current +25°C 


, 
> 


+25°C 
Full +10 


Input Resistance MQ 


Common Mode Range 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Notes 1, 4) 


+10 


Full 
Full 


kV/V 
Common Mode Rejection (Note 2) 


Hold Mode Feedthrough Attenuation 
(Note 3) 


Gain Bandwidth Product (Note 3) 
OUTPUT CHARACTERISTICS 


' 

SN 
= | 
> 


+25°C Hz 


Full +10 
+25°C +15 
+25°C 
+25°C 


Output Voltage Swing (Note 1) +10 


Output Current +15 


Full Power Bandwidth (Notes 3, 4) 


Output Resistance (D.C.) 
TRANSIENT RESPONSE 

Rise Time (Notes 3, 5) 

Overshoot (Notes 3, 5) 

Slew Rate (Notes 3, 6) 

DIGITAL INPUT CHARACTERISTICS 
Digital Input Current (Viy = OV) 


+25°C 
+25°C 
+25°C 


NN 
on 


7 


uo 


% 
V/us 


i) 


Full 
Full 
Full 


3 


Digital Input Current (Viy = +5.0V) 


Nh 
=) 
5 = 
> 


Digital Input Voltage (Low) 
Digital Input Voltage (High) 


aoe 


Specifications HA-2420, HA-2425 


Electrical Specifications Test Conditions (Unless Otherwise Specified) Vsyppyy = 15.0V ; Cy = 1000pF; Digital Input: V), = +0.8V 
(Sample), V4 = +2.0V (Hold), Unity Gain Configuration (Output tied to Negative Input) (Continued) 


ee 
ers | vwemrne Fr Pr [war Pr [| 


SAMPLE AND HOLD CHARACTERISTICS 


Acquisition Time to 0.1% 10V Step +25°C 4 us 
(Note 3) 


Acquisition Time to 0.01% 10V Step 
(Note 3) 


NOTES 
1. Rp = 2kQ 
2. Vow = +10Vpe. 
3. Ay=+1, Ry = 2kQ, C, = 50pF. 
4. Vout = 20V peak-to-peak. 
5. Vout = 200mV peak-to-peak. 
6. Voyt = 10.0V peak-to-peak. 
7. Vin = OV. 
8. fin s 100kHz. 
9. Derived from computer simulation only; not tested. 
Functional Diagram Die Characteristics 
Sl | ESA ae eae er eres Ceres: ie 85 
that Be ee ar ee ere nee Lee 102 x 61 x 19 mils 
a“ V+ ae ae em entra ttre Se rae -VsuppLy 
Y | | c=. SRSA erro renee Sees Bipolar DI 
Thermal Package Characteristics (°C/W) Biya Bic 
fo LD eee re eeree pork gener 71 13 
UNNI 85 oi irre Cases thee s 85 23 
i, © > 2 a eer preiae epee ase regan er 74 33 
wees > OUT We 3. ee es 95 26 
+INPUT © 
SH . 
CONTROL 


GND V- HOLD 
CAPACITOR 
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HA-2420, HA-2425 


Test Circuits 


NOTE: Set rise/fall times of S/H Control to approximately 20ns. 


FIGURE 1. HOLD STEP ERROR AND DRIFT CURRENT FIGURE 2. HOLD STEP ERROR TEST 


SINE WAVE 
INPUT 


HA-2420/2425 


OUT 
+IN Sm = HOLD 
CONTROL CAP GND 


Ww 
af 
Zi. 
<5 

oe 
gs 
<Q 
YS 
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OUTPUT 


NOTE: Compute hold mode feedthrough attenuation from the 
formula: 
VoyTHO LD 


VinHOLD 


NOTE: Measure the slope of the output during hold, AV/At, 


and compute drift current from: Ip = Cy AV/At. Feedthrough Attenuation = 20log 


Where Voy HOLD = Peak-to-Peak value of output sinewave 
during the hold mode. 


FIGURE 3. DRIFT CURRENT TEST FIGURE 4. HOLD MODE FEEDTHROUGH ATTENUATION 


HA-2420, HA-2425 


Typical Performance Curves 


1000 fF MIN. SAMPLE TIME 
Te arazs°C (nVie) | FOR 0.1% ACCURACY 
Bea. cbr aati Ht} “SAMPLE” MODE - 100K } 
100 BSS ae SRS Se 
St sepenae. UNITY GAIN PHASE ‘ 
oy aan &, MARGIN (DEGREES) 
7 ee arene = 
be, STIS — a 
Speed — -: we 
pe aad 2 SS > T_T 
UNITY GAIN ae se | Ment 
_ = sawn SJ Bs ailil| 
& EQUIV. INPUTNOISE | 
ea be Sees FHT “SAMPLE” MODE - 0 
2s EE SOURCE RESISTANCE 
ef MP AOE 
arte oe wees 1 
10pF 100pF ss 1000pF)—s«O.0TF OOO F 1.0uF 10 100 1K 10K 100K 1M 
Cy VALUE BANDWIDTH (LOWER 3dB FREQUENCY = 10Hz) 
FIGURE 5. TYPICAL SAMPLE AND HOLD PERFORMANCE AS FIGURE 6. BROADBAND NOISE CHARACTERISTICS 


A FUNCTION OF HOLDING CAPACITOR 


1000 


Cy = 100pF 
Cy = 1000pF 


100 


Ip (pA) 
OPEN LOOP VOLTAGE GAIN (dB) 


1 Re 
-50 -25 0 +25 +50 +75 +100 +125 10 100 1K 10K 100K 1M 10M 100M 
TEMPERATURE (°C) FREQUENCY (Hz) 
FIGURE 7. DRIFT CURRENT vs TEMPERATURE FIGURE 8. OPEN LOOP FREQUENCY RESPONSE 


ATTENUATION (dB) 
OPEN LOOP PHASE ANGLE (DEGREES) 


10 100 1K 10K 100K 1M 10M 100M 
+10V SINUSOIDAL INPUT FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 9. HOLD MODE FEED THROUGH ATTENUATION FIGURE 10. OPEN LOOP PHASE RESPONSE 
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Offset and Gain Adjustment 


HOLD STEP VOLTAGE (mV) 


DC INPUT VOLTAGE (V) 
Cy =0.1,F 


Cy = 10,000pF 
Cy = 1000pF 


Cy crad 100pF 


FIGURE 11. HOLD STEP vs INPUT VOLTAGE 
Offset Adjustment 


The offset voltage of the HA-2420and HA-2425 may be 
adjusted using a 100kQ trim pot, as shown in Figure 20. The 
recommended adjustment procedure is: 


Apply zero volts to the sample-and-hold input, and a square 
wave to the S/H control. 


Adjust the trim pot for zero volts output in the hold mode. 
Gain Adjustment 


The linear variation in pedestal voltage with sample-and- 
hold input voltage causes a -0.06% gain error (Cy = 
1000pF). In some applications (D/A deglitcher, A/D 
converter) the gain error can be adjusted elsewhere in the 
system, while in other applications it must be adjusted at the 
sample-and-hold. The two circuits shown below demon- 
strate how to adjust gain error at the sample-and-hold. 


The recommended procedure for adjusting gain error is: 


1. Perform offset adjustment. 


2. Apply the nominal input voltage that should produce a 
+10V output. 


3. Adjust the trim pot for +10V output in the hold mode. 


4. Apply the nominal input voltage that should produce a 
-10V output. 


5. Measure the output hold voltage (V.; Nomina): Adjust the 
trim pot for an output hold voltage of 


(V_soNOMINAL) t (-10V) 
2 


0.002RF 


INPUT RI 
OUTPUT 


re NOTE: GAIN ~ AE 
S/H CONTROL Ri 


INPUT 


FIGURE 12. INVERTING CONFIGURATION 


of 
a 
wi B 
=i 
az 
45 
re) 
¥ 


FIGURE 13. NON-INVERTING CONFIGURATION 


HA2420, HA2425 


FIGURE 14. -10V TO OV 


FIGURE 18. -100mV TO OV FIGURE 19. +100mV TO OV 
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Applications 
CONTROL 


9 OUT 


100KQ 
OFFSET TRIM 
(+25mV RANGE) 


FIGURE 20. BASIC SAMPLE-AND-HOLD (TOP VIEW) 


CONTROL 


GND ge7 


wowawes 


HOLDING 
CAPACITOR 


OUT 


FIGURE 21. GUARD RING LAYOUT (BOTTOM VIEW) 


NOTES: 


1. Figure 20 shows a typical unity gain circuit, with Offset Zeroing. 
All of the other normal op amp feedback configurations may be 
used with the HA-2420/2425. The input amplifier may be used as 
a gated amplifier by utilizing Pin 11 as the output. This amplifier 
has excellent drive capabilities along with exceptionally low 
switch leakage. 


2. The method used to reduce leakage paths on the P.C. board and 
the device package is shown in Figure 21. This guard ring is rec- 
ommended to minimize the drift during hold mode. 


3. The holding capacitor should have extremely high insulation 
resistance and low dielectric absorption. Polystyrene (below 
+85°C), Teflon, or Parlene types are recommended. 


For more applications, consult Harris Application Note 517, or fac- 
tory applications group. 


Glossary of Terms 
Acquisition Time 


The time required following a “sample” command, for the 
output to reach its final value within +0.1% or +0.01%. This is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 


Aperture Time 


The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 


Effective Aperture Delay Time (EADT) 


The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propaga- 
tion time from the analog input to the switch. 


EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to V\y at the instant the 
Hold command was received. For negative EADT, the output 
in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of Vix, that occurred before the Hold 
command. 


Aperture Uncertainty 


The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay Uncertain- 
ty, Aperture Time Jitter, etc.) sets a limit on the accuracy with 
which a waveform can be reconstructed from sample data. 


Drift Current 


The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 


AV 
In (pA) = Cy (pF) XAT (V/s ) 
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HA-5320 


High Speed Precision Monolithic 
Sample and Hold Amplifier 


March 1993 

Features 

Se ee See ee ee res 2x 10° V/V 

ae FO ere ree nee 1.0us (0.01%) 

e Droop Rate .........-.-ee ee eeeee 0.08.V/s (+25°C) 
17pL.V/us (Full Temperature) 

a BOOTING FUE ha we & cs cee 085) ce eRe Rowe as 25ns 

e Hold Step Error (See Glossary) .............. 1.0mV 


e Internal Hold Capacitor 
e Fully Differential Input 
e TTL Compatible 


Applications 

e Precision Data Acquisition Systems 

¢ Digital to Analog Converter Deglitcher 
e Auto Zero Circuits 

¢ Peak Detector 


Pinouts 


HA-5320 
(PDIP, CDIP) 
TOP VIEW 


-IN | 1] 14] S/H CONTROL 


+IN | 2] 
OFFSET ADJUST | 3| 


13] SUPPLY GND 
12] NC 


OFFSET ADJUST | 4 14) ey 3 
V- Ho| NC 
SIG. GND | 6| 9 | V+ 
INTEGRATOR 
OUTPUT 8 | BANDWIDTH 


Description 


The HA-5320 was designed for use in precision, high speed 
data acquisition systems. 


The circuit consists of an input transconductance amplifier 
capable of providing large amounts of charging current, a 
low leakage analog switch, and an output integrating 
amplifier. The analog switch sees virtual ground as its load; 
therefore, charge injection on the hold capacitor is constant 
over the entire input/output voltage range. The pedestal 
voltage resulting from this charge injection can be adjusted 
to zero by use of the offset adjust inputs. The device 
includes a hold capacitor. However, if improved droop rate is 
required at the expense of acquisition time, additional hold 
capacitance may be added externally. 


This monolithic device is manufactured using the Harris 
Dielectric Isolation Process, minimizing stray capacitance 
and eliminating SCR’s. This allows higher speed and latch- 
free operation. For further information, please see 
Application Note 538. The Mil-Std-883 data sheet for this 
device is available on request. 


Ordering Information 


wiser [ance | package 
NUMBER RANGE 

[rarsieos | OCw.750 | WleedCoane OP 
fasescos | oow760 [tesa Pasicor 
fwasreseos | Cw 75% | 16tead Wide Baty SOS 
asrese08 6 sed wide Bowy S00 


-40°C to +85°C 


HA-5320 
(300 mil SOIC) 
TOP VIEW 


-IN [1] 
+IN | 2| 
OFFSET ADJUST | 3| 
OFFSET ADJUST | 4) 


46] S/H CONTROL 
45] SUPPLY GND 


14] NC 


a3) EXTERNAL 
HOLD CAP. 


v- 42] NC 
SIG. GND | 6 41] V+ 
INTEGRATOR 
OUTPUT 10} BANDWIDTH 
NC / 8. '9|NC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1993 
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Specifications HA-5320 


Absolute Maximum Ratings (Note 1) Operating Conditions 

SUPDIY VONAGO iii i ieee) eed ibOried Sale weed? Oneal 2 cine 40V Operating Temperature Range 

Pitienenial 1 VOR e aia cisceintisinth bate natenncinneeane 24V Pie acO ate anakece es isau -55°C < Ta S$ +125°C 
Digital Inpuk Voltage 740554 Aid. ...+.. 2.0000. deine WMI 25 NGOOO-S |e sc i oo io ese 0°C < Ty < +75°C 
Output Current, Continuous (Note 2) ...............0008 +20mA CT Bho SERS Barges arene inet try orgs -40°C < Ty < +85°C 
MRICUON TOOOIRING ec es cnc cawucscnsesinsetee +175°C Recommended Supply Voltage Range (Note 13)... +13.5V to +20V 
Junction Temperature (Plastic Package) ............... +150°C Storage Temperature Range............... -65°C < Ty < +150°C 
Lead Temperature (Soldering 10 Sec.)..............0-. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsyppyy = +15.0V; Cy, = Internal; Digital Input: V;,_ = +0.8V (Sample), Vi, = +2.0V (Hold), 
Unity Gain Configuration (Output tied to -Input), Unless Otherwise Specified 


PARAMETER TEMPERATURE | MIN | UNITS 


INPUT CHARACTERISTICS 


Input Voltage Range +10 
Input Resistance 
Input Capacitance 
Offset Voltage 
Bias Current 

+2 


i 


+10 


3 
<|<]| 7 


7 


Oo 


Offset Current 
Common Mode Range By ae +10 
CMRR (Note 3) 
Offset Voltage T.C. eae 


TRANSFER CHARACTERISTICS 
Gain, D.C. (Note 12) +25°C 
Gain Bandwidth Product (Ay = +1) (Note 5) +25°C 
Cy = 100pF 
Cy = 1000pF 
OUTPUT CHARACTERISTICS 
Output Voltage 
Output Current 
Full Power Bandwidth (Note 4) 
Output Resistance (Hold Mode) 
Total Output Noise, D.C. to 10OMHz 
Sample +25°C 
Hold +25°C 
TRANSIENT RESPONSE 
Rise Time (Note 5) 
Overshoot (Note 5) 
Slew Rate (Note 6) 


=, 
> 


‘all 
So 


Bs 


“I 
nD 
= 
x) 
QO 


S| 
> 


< 


MHz 


Els 


Full +10 +10 
+25°C +10 
+25°C 


+25°C 


UVems 
LVams 


+ 
_ 
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+25°C 00 
+25°C 


+25°C 
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Specifications HA-5320 


Electrical Specifications Vsyppyy = +15.0V; Cy = Internal; Digital Input: V\, = +0.8V (Sample), Vi, = +2.0V (Hold), 
Unity Gain Configuration (Output tied to -Input), Unless Otherwise Specified (Continued) 


NARS aS 
nmr | rere [ar Dv [mm [| 


DIGITAL INPUT CHARACTERISTICS 
Input Voltage (High), Viy 


Input Voltage (Low), Vi, 
Input Current (Vj), = OV) +25°C 


|e 


Input Current (Vi = +5V) 

SAMPLE AND HOLD CHARACTERISTICS 
Acquisition Time to 0.1% (Note 7) 
Acquisition Time to 0.01% (Note 7) +25°C 
Aperture Time (Note 8) +25°C 
Effective Aperture Delay Time (See Glossary) +25°C 
+25°C 
+25°C 

Full 

+25°C 


_ 
| 


+25°C 


Aperture Uncertainty 


Droop Rate 0.08 0.08 


pV/ps 


Drift Current (Note 9) 


a 
“N 


+25°C 
+25°C 


Charge Transfer (Note 9) 

Hold Step Error (Note 9) 

Hold Mode Settling Time 0.01% 

Hold Mode Feedthrough (10Vp.p, 100kHz) 
POWER SUPPLY CHARACTERISTICS 


3 
< 


= 


3 
< 


Full 


+25°C 
+25°C 


3 
> 


Positive Supply Current (Note 10) 


Negative Supply Current (Note 10) 


> 


+13.5 


S 
ro) 


Supply Voltage Range (Note 13) +13.5 
Power Supply Rejection (Note 11) 
Full 


Full 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond 8. Derived from computer simulation only; not tested. 
which the serviceability of the circuit may be impaired. Functional operation g_ Vin = OV, Vij = +3.5V, ta < 20ns (Vy) to Vi). 


under any of these conditions is not necessarily implied. 
y _— 10. Specified for a zero differential input voltage between 


- Vo = 20V Step; Ry = 2kQ; C, = 50pF. 
- Vo = 10V Step; Ry = 2kQ; C, = 50pF. 


2. Internal Power Dissipation may limit Output Current below 20mA. +IN and -IN. Supply current will increase with 
3. Vey = +5VDC. differential input (as may occur in the Hold mode) to 
4. Vo = 20Vp.p; Ry, = 2kQ; C, = 50pF; unattenuated output. approximately +46mA at 20V. 

5. Vo = 200MVp_p; Ry = 2kQ; C, = 50pF. 11. Based on a one volt delta in each supply, i.e. 15V 

6 +0.5VDC. 

7 


12. Ry = 1kQ, on = 30pF. 


13. Specification based on a one time characterization. 
This parameter is not guaranteed. 


HA-5320 


Functional Diagram 


OFFSET 
ADJUST 
pment remy, 


-INPUT (1) 
+INPUT (2) ; WZ) output 
controt (4) = 
INTEGRATOR 
BANDWIDTH 
SUPPLY  V- ; 
GND GND 
EXTERNAL 
HOLD CAPACITOR 
Applying the HA-5320 


The HA-5320 has the uncommitted differential inputs of an 
op amp, allowing the Sample and Hold function to be 
combined with many conventional op amp circuits. See the 
Harris Application Note 517 for a collection of circuit ideas. 


Layout 


A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01 to 0.1pF, 
ceramic) should be provided from each power supply termi- 
nal to the Supply Ground terminal on pin 13. 


The ideal ground connections are pin 6 (SIG. Ground) 
directly to the system Signal Ground, and pin 13 (Supply 
Ground) directly to the system Supply Common. 


Hold Capacitor 


The HA-5320 includes a 100pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this internal capacitor). 


S/H CONTROL ¢ 


‘iis 
jf“. 


Additional capacitance may be added between pins 7 and 
11. This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade-offs 
as shown in the Performance Curves. 


If an external hold capacitor Cycy7 is used, then a noise 
bandwidth capacitor of value 0.1C,4¢-.7 should be connected 
from pin 8 to ground. Exact value and type are not critical. 


The hold capacitor Cyey7 should have high insulation resis- 
tance and low dielectric absorption, to minimize droop 
errors. Polystyrene dielectric is a good choice for operating 
temperatures up to +85°C. Teflon® and glass dielectrics 
offer good performance to +125°C and above. 


The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and “guarded” by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 


®Teflon is a registered Trademark of Dupont Corporation. 


Applications 


Figure 1 shows the HA-5320 connected as a unity gain non- 
inverting amplifier - its most widely used configuration. As an 
input device for a fast successive - approximation A/D 
converter, it offers very high throughput rate for a monolithic 
IC sample/hold amplifier. Also, the HA-5320’s hold step error 
is adjustable to zero using the Offset Adjust potentiometer, 
to deliver a 12 bit accurate output from the converter. 


The application may call for an external hold capacitor Cyey7 
as shown. As mentioned earlier, 0.1Cyex7 is then recom- 
mended at pin 8 to reduce output noise in the Hold mode. 


The HA-5320 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an A/D conversion are absorbed 
at the S/H output with minimum voltage error. A momentary 
short circuit to ground is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 


DIGITAL 
OUTPUT 


CONVERT 


R/C 


aes 
® | ANALOG 


Refer to DIP 
SYSTEM POWER _|_ SYSTEM SIGNAL COMMON Package 
VV GROUND VV GROUND Only. 


NOTE: Pin Numbers 


FIGURE 1. TYPICAL HA-5320 CONNECTIONS; NONINVERTING UNITY GAIN MODE 
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HA-5320 


Test Circuits 


(Cy =100pF) VY 


FIGURE 2. CHARGE TRANSFER AND DRIFT CURRENT 


HOLD (+3.5V) 


HOLD (+3.5V) = 
S/H CONTROL SAMPLE (OV) 


S/H CONTROL SAMPLE (0V) 


Vo 


Vp he Aa ee 
NOTES: NOTES 
1. Observe the “hold step” voltage Vp 1. Observe the voltage “droop”, AVo/AT 
2. Compute charge transfer: Q = VpCy 2. Measure the slope of the output during hold, AV)/AT, and com- 


pute drift current: Ip = Cy, AVo/AT. 


FIGURE 3. CHARGE TRANSFER TEST FIGURE 4. DRIFT CURRENT TEST 


NOTE: 
1. Feedthrough in 
V 
10Vp.p OUT 
100kHz dB = 20log where: 
SINE WAVE Vin 
Vout = Voltsp.p, Hold Mode, 
S/H CONTROL Vin = Voltsp_p 
INPUT 
TO N TO 
Fei \ SUPPLY . SIGNAL ne 
COMMON GND 


FIGURE 5. HOLD MODE FEED THROUGH ATTENUATION 


HA-5320 


Typical Performance Curves 


ACQUISITION TIME FOR 
10V STEP TO +0.01% (us) 


VOLTAGE DROOP DURING 
HOLD MODE, (mV/100ms) 


lornigt (PA) 


SAMPLE-TO-HOLD OFFSET 
(HOLD STEP) ERROR, (mV) 


100 1000 10K 100K -25 0 +25 +50 +75 #100 3864125 
Cy VALUE (pF) TEMPERATURE (°C) 
FIGURE6. TYPICAL SAMPLE AND HOLD PERFORMANCE AS FIGURE 7. DRIFT CURRENT vs TEMPERATURE 


A FUNCTION OF HOLDING CAPACITOR 


GAIN (dB) 


GAIN D 


(Cy=1100pF) | \ | 


PHASE (DEGREES) 


te 
QO wi 
Zit 
<5 
=e 
¢< 
<Q 
YS 
aes 


0 10 100 11K 10K 100K 41M 10M 
FREQUENCY (Hz) 


FIGURE 8. OPEN LOOP GAIN AND PHASE RESPONSE 


2.0 


HOLD STEP VOLTAGE (mV) g 
Ta = +25°C re 

8 4.0 
a 
pe 
” 
3 

© 0.5 

0.0 

DC INPUT (V) LOGIC LEVEL HIGH (V) 
9A. HOLD STEP vs INPUT VOLTAGE 9B. HOLD STEP vs LOGIC (V,,) VOLTAGE 


FIGURE 9. TYPICAL SAMPLE-TO-HOLD OFFSET (HOLD STEP) ERROR 
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HA-5320 


Glossary of Terms 
Acquisition Time 


The time required following a “sample” command, for the 
output to reach its final value within +0.1% or +0.01%. This is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 


Charge Transfer 


The small charge transferred to the holding capacitor from 
the inter-electrode capacitance of the switch when the unit is 
switched to the HOLD mode. Charge transfer is directly 
proportional to sample-to-hold offset pedestal error, where: 


Charge Transfer (pC) = C,, (pF) x Hold Step Error (V) 
Aperture Time 


The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is the interval 
between the conditions of 10% open and 90% open. 


Hold Step Error 


Hold Step Error is the output error due to Charge Transfer 
(see above). It may be calculated from the specified param- 


eter, Charge Transfer, using the following relationship: 
Charge Transfer (pC) 
Hold Step (V) = —————______—___ 
ac pie ty) Hold Capacitance (pF) 


See Performance Curves. 
Effective Aperture Delay Time (EADT) 


The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propaga- 
tion time from the analog input to the switch. 


EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to Vj, at the instant the 
Hold command was received. For negative EADT, the output 
in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of Vy that occurred before the Hold 
command. 


Aperture Uncertainty 


The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay Uncer- 
tainty, Aperture Time Jitter, etc.) sets a limit on the accuracy 
with which a waveform can be reconstructed from sample 
data. 


Drift Current 


The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 


AV 
Ip (PA) = Cy (PF) x (Vis) 


Die Characteristics 


WENGIIOR RIOUNE Crick ck ccc ee enw cece use ees 175 
Die Dimensions. ................. 90.2 x 143.7 x 19 mils 
Semeur oc hh kn ke cleus eneaaee -VsuppLy 
ag Ra tig Re & ge ai Bipolar DI 
Thermal Constants (°C/W) Oya Bic 
MONEE Bg. sc os o's oe ws ves b's 70 13 
OL Y  oos a  ia von o ko hd 85 23 
WE sss eres 5UK bas 95 26 
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HARRIS 


SEMICONDUCTOR 


HA-5330 


Very High Speed Precision 
Monolithic Sample and Hold Amplifier 


aD 


March 1993 


Features 
e Very Fast Acquisition . 


. ..500ns (0.1%) 650ns (0.01%) 


Description 


The HA-5330 is a very fast sample and hold amplifier designed 
primarily for use with high speed A/D converters. It utilizes the 


LGW DIGGN Hote. nese nc cece ape bate scu 0.01. V/s Harris Dielectric Isolation pr to achieve a 650ns acquisition 
6 fil, .REEEREXE MCLE EESRERREP SS 0.2mvV _ time to 12 bit accuracy and a droop rate of 0.01pV/us. The circuit 
consists of an input transconductance amplifier capable of pro- 
° High Slew Rate fe eed ke ALE ee Sek ee Se 90V/US ducing large amounts of charging current, a low leakage analog 
¢ Wide Supply Range.................... +10V to+20V switch, and an integrating output stage which includes a 90pF 
hold capacitor. 
e Internal Hold Capacitor 
The analog switch operates into a virtual ground, so charge injec- 
¢ Fully Differential Input tion on the hold capacitor is constant and independent of Viv. 
¢ TTL/CMOS Compatible Charge injection is held to a low value by compensation circuits 
and, if necessary, the resulting 0.5mV hold step error can be 
. : adjusted to zero via the Offset Adjust terminals. Compensation is 
App lications also used to minimize leakage currents which cause voltage 
¢ Precision Data Acquisition Systems droop in the Hold mode. 
¢ D/A Converter Deglitching The HA-5330 will operate at reduced supply voltages (to +10V) 
‘ with a reduced signal range. The MIL-STD-883 data sheet for 
* Auto-Zero Circuits this device is available on request. 
e Peak Detectors : 
Ordering Information 
PART TEMPERATURE 
NUMBER RANGE 
Pinout Functional Diagram 
HA-5330 
(PDIP, CDIP) ADJUST 
TOP VIEW bi 
+IN 1 H4] -IN HA-5330 90pF 
NC [2] 13] NC 
OFFSET ADV. | 3} 12] SIGNAL GND -IN © 


OFFSET ADv. | 4| 


OUTPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1993 


41] SUPPLY GND 


'g | S/H CONTROL 


S/H ¢ 
CONTROL 


SUPPLY V- SIGNAL 
GND GND 
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Specifications HA-5330 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage between V+ and SUPPLY/SIG GND .............. +20V Operating Temperature Range 

Voltage between V- and SUPPLY/SIG GND................ -20V AS oa oe 8 avira Fenn Serena -55°C < Ty $ +125°C 
Voltage between SUPPLY GND and SIG GND.............. +2.0V FIRS ss op oon cance g peee A DE ROES -25°C < Ty S$ +85°C 
Voltage between S/H Control and SUPPLY/SIG GND ..... +8V, -6V UII gan co 5s VS s CRN Se Ee 0°C < Ta S$ +75°C 
Piper IEE VNR oo eos ii x asssa.o.0 osc ce cccuew 24V Storage Temperature Range................ -65°C < T, < 150°C 
Output Current, Continuous (Note 2) ...................5. +17mA Supply Voltage Range (TYP)..................005 +10V to +20V 
Junction Temperature (Note 13)..............ccceeees +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vyppyy = +15V; S/H Control V,, = +0.8V (Sample): V;,; = +2.0V (Hold); SIG GND = SUPPLY GND, 
Unity Gain Configuration (Output tied to -Input), Unless Otherwise Specified 


PARAMETER TEMPERATURE 


INPUT CHARACTERISTICS 


+10 +10 


a 


=] 
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° 
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® 
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‘8 
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+25°C 
+25°C 
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Offset Current +25°C 


H- 
_ 
So 


°o 
S 


Common Mode Range 
CMRR (Note 4) 


TRANSFER CHARACTERISTICS 


Output Resistance 
Hold Mode 
Sample Mode 
Total Output Noise, DC to 4.0MHz 
Sample Mode 
Hold Mode 
TRANSIENT RESPONSE 


Slew Rate (Note 7) 
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Specifications HA-5330 


Electrical Specifications Vsyppyy = +15V; S/H Control Vi, = +0.8V (Sample): Vi = +2.0V (Hold); SIG GND = SUPPLY GND, 
Unity Gain Configuration (Output tied to -Input), Unless Otherwise Specified (Continued) 


ee 
PARAMETER TEMPERATURE 


DIGITAL INPUT CHARACTERISTICS 3 


Input Voltage (High), Viy 


Input Voltage (Low), Vi. Fal foal! tects 


Input Current (Vi, = OV) Full 


Input Current (Vi = +5V) PgR enilitos 


SAMPLE/HOLD CHARACTERISTICS 


i 


il 


oO 


Acquisition Time (Note 8) 
(0.1%) +25°C 
(0.01%) +25°C 


Aperture Time (Note 3) +25°C 
Effective Aperture Delay Time (See Glossary) +25°C 
Aperture Uncertainty +25°C 
Droop Rate (Note 9) +25°C 
Full 

Hold Step Error (Note 10) +25°C 
Hold Mode Settling Time (0.01%) +25°C 
Hold Mode Feedthru 20Vp.p, 100KHz Full 

POWER SUPPLY CHARACTERISTICS 


pV/us 


& 


ak 


Positive Supply Current Full 


Negative Supply Current 


» 


Power Supply Rejection, V+, V- (Note 11) Full 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 


. Internal Power Dissipation may limit Output Current below +17mA. 
. Derived from computer simulation only; not tested. 

. +Voy = +10V DC. 

. V; = 200mvV Step; R, = 2K; C, = 50pF . 


. Full power bandwidth based on slew rate measurement using: FPBW = onV 
due to slew rate enhancement circuitry. PEAK 


Fe Vo = 20V Step; Ry. = 2kQ; Cy = 50pF. 

8. Vo = 10V Step; R, = 2kQ; C, = 50pF. 

9. This parameter is measured at ambient temperature extremes in a high speed test environment. Consequently, steady state heating 
effects from internal power dissipation are not included. 


10. Vin x OV; Vin = +3.5V; tR= 22ns (Vit to Vin): See graph. 
11. Based on a three volt delta in each supply, i.e. 15V = +1.5V DC. 
12. Vout = = 200MVp. P» R, = = 2kQ, Cc. = 50pF. 


13. Maximum power dissipation, including output load, must be designed to maintain the junction temperature below +175°C for the ceramic 
package, and below +150°C for the plastic package 


Slew Rate 


ont WwW NY 


. Distortion of wave shape occurs beyond 100KHz 
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HA-5330 


Applying the HA-5330 

The HA-5330 has the uncommitted differential inputs of an 
op amp, allowing the Sample/Hold function to be combined 
with many conventional op amp circuit ideas. See the Harris 
Application Note 517 for a collection of circuit ideas. 

Layout 


A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01pF to 0.1pF, 
ceramic) should be provided from each power supply 
terminal to the Supply GND Terminal on pin 11. 


Applications 


The HA-5330 is configured as a unity gain noninverting 
amplifier by simply connecting the output (pin 7) to the 
inverting input (pin 14). As an input device for a fast succes- 
sive - approximation A/D converter, it offers an extremely 
high throughput rate. Also, the HA-5330's pedestal error is 
adjustable to zero by using an Offset Adjust potentiometer 
(10K to 50K) center tapped to V-. 


V- 
10kQ - 50kQ 


FIGURE 1. HA-5330 OFFSET ADJUST 


The ideal ground connections are pin 11 (Supply Ground) 
directly to the system Supply Common, and pin 12 (Signal 
Ground) directly to the system Signal Ground (Analog 
Ground). 


Hold Capacitor 


The HA-5330 includes a 90pF MOS hold capacitor, sufficient 
for most high speed applications (the Electrical Specifica- 
tions section is based on the internal capacitor). 


[waenrvoe TTT LLL 
8 a 
A A 
A 
A SU 
Tr SS ni 
0 era 
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| | (it: 


40 


8 


MAGNITUDE (dB) 
°o 


-20 90 


° 
PHASE (DEGREES) 


~40 


1K 10K 


100K 1M 
FREQUENCY (Hz) 


FIGURE 2. MAGNITUDE AND PHASE RESPONSE 
(CLOSED LOOP GAIN = 100) 


Output Stage 


The HA-5330 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 


current which occur during an A/D conversion are absorbed 
at the S/H output with minimum voltage error. A momentary 
short circuit to ground is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 


Glossary of Terms 
Acquisition Time 


The time required following a “sample” command, for the 
output to reach its final value within +0.1% or +0.01%. This is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 


Aperture Time 


The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 


Hold Step Error 


Hold step error is the output shift due to charge transfer from 
the sample to the hold mode. It is also referred to as “offset 
step” or “pedestal error’. 


HOLD STEP ERROR (mV) 
Ps 


20 40 60 80 100 


RISE TIME (ns) OV TO 3.5V 
FIGURE 3. HOLD STEP ERROR vs S/H CONTROL RISE TIME 
Effective Aperture Delay Time (EADT) 


The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propaga- 
tion time from the analog input to the switch. 


EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to Vj,y, at the instant the 
Hold command was received. For negative EADT, the output 
in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of Vix that occurred before the Hold 
command. 

Aperture Uncertainty 

The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay 
Uncertainty, Aperture Time Jitter, etc.) sets a limit on the 
accuracy with which a waveform can be reconstructed from 
sample data. 


Die Characteristics 


BIg eee wri ogee ae RNR ep 205 
TO LIWNOTIGIONG. Fos bis coos as Ces 99 x 166 x 19 mils 
Substrate Potential. .... 0.0... cece cee SIG GND 
aki? sp greata ipl gteah belotrecesbd ict ah yop Dat tribes $i Bipolar DI 
Thermal Constants (°C/W) Bsa Bic 
COMING TN Bo So ives ba et 70 13 
PMN Is 55a 228 Dak ie hock ee 85 23 
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FiARRIS 


SEMICONDUCTOR 


GD HA-5340 


High Speed, Low Distortion, Precision 


March 1993 Monolithic Sample and Hold Amplifier 
Features Description 
¢ Fast Acquisition Time (0.01%) ............... 700ns_ The HA-5340 combines the advantages of two sample/ hold 
¢ Fast Hold Mode Settling Time (0.01%)......... 200ns_ 2chitectures to create a new generation of monolithic 
sample/hold. High amplitude, high frequency signals can be 
¢ Low Distortion (Hold Mode) ................ -72dBc 


(Vin = 200kHz, Fs = 450kHz, 5Vp_p) 
Bandwidth Minimally Affected By External C,, 
Fully Differential Analog Inputs 
Built-in 135pF Hold Capacitor 


sampled with very low distortion being introduced. The 
combination of exceptionally fast acquisition time and 
specified/characterized hold mode distortion is an industry 
first. Additionally, the AC performance is only minimally 
affected by additional hold capacitance. 


To achieve this level of performance, the benefits of an 


* Pin Compatible with HA-5320 integrating output stage have been combined with the 
Hei advantages of a buffered hold capacitor. To the user this 
Applications translates to a front-end stage that has high bandwidth due 


¢ High Bandwidth Precision Data Acquisition Systems 
e Inertial Navigation and Guidance Systems 

¢ Ultrasonics 

¢ SONAR 

¢ RADAR . 


Ordering Information 


NUMBER RANGE 
: 


to charging only a small capacitive load and an output stage 
with constant pedestal error which can be nulled out using 
the offset adjust pins. Since the performance penalty for 
additional hold capacitance is low, the designer can further 
minimize pedestal error and droop rate without sacrificing 
speed. 


Low distortion, fast acquisition, and low droop rate are the 
result, making the HA-5340 the obvious choice for high 
speed, high accuracy sampling systems. 


For a Military temperature range version request the 
HA-5340/883 data sheet. 


Pinouts 
HA-5340 HA-5340 
(PDIP, CDIP) (300 mil SOIC) 
TOP VIEW TOP VIEW 
AN] 1 14] S/H CONTROL IN | 1] 46] S/H CONTROL 
+IN | 2) 13| SUPPLY GND +IN [2 45] SUPPLY GND 
OFFSET ADu. [ 3] ha] NC OFFSET ADy. [3] 14] NC 
EXTERNAL OFFSET ADJ. | 4 43 NC 
OFFSET ADu. | 4) 11] HOLD CAP. we TH r3] EXTERNAL 
y. FO NC HOLD CAP. 
V- 41] NC 
SIG. GND [6 9] V+ SIG. GND Ho] NC 
OUTPUT 8 | NC 


OUTPUT | 8 | 9] V+ 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 4-03 
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Specifications HA-5340 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals.................... 36V Operating Temperature Range 

Differential nput Voltage, «4.66! 5 sseiecee.. G . sintered Loe week's 24V PU yi soos hee os woh RoR eee -40°C < Ty < +85°C 
DM URIE WOM Gone bin cn ciccuse cecbrscateeEe.. +8V, -6V PRP ic a5 V3 ce <5 aie AEE 0°C < Ty < +75°C 
Output Current, Continuous ..........0...... ccc eeeeeeee +20mA Storage Temperature Range............... -65°C < Ty < +150°C 
Junction Temperature (Note 5)...............ceceaees +175°C Supply Voltage Range (TYP)..............0.c0005. +12V to +18V 
Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)...............0. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Voyppyy = +15.0V; Cy = Internal = 135pF; Digital Input: Vi_ = +0.8V (Sample), V4 = +2.0V (Hold). Non-Inverting 
Unity Gain Configuration (Output tied to -Input), R, = 2kQ, C, = 60pF, Unless Otherwise Specified 
HA-5340-9 HA-5340-5 


PARAMETER TEMPERATURE UNITS 


INPUT CHARACTERISTICS 
Input Voltage Range Full heeds: +10 V 


Input Resistance (Note 2) +25°C 
Input Capacitance +25°C 


Input Offset Voltage +25°C 
Full 


Offset Voltage Temperature Coefficient Full 


Bias Current +25°C 
Offset Current +25°C 


Common Mode Range Full 


CMRR (+10 Vdc) (Note 3) +25°C 
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C,, External = 1000pF Full 
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TRANSIENT RESPONSE 
Rise Time (200mV step) 


Overshoot (200mvV step) 
Sow Rao (10V sen eel 


DIGITAL INPUT CHARACTERISTICS 
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Specifications HA-5340 


Electrical Specifications Vsyppyy =+15.0V; Cy = Internal = 135pF; Digital Input: V,, = +0.8V (Sample), V4 = +2.0V (Hold). Non-Inverting 


Output Voltage 
Output Current 


PARAMETER 


Full Power Bandwidth (Slew Rate Limited) (Note 4) 


SAMPLE MODE 


Signal to Noise Ratio 
(RMS Signal to RMS noise) 


Total Harmonic Distortion 


Vin = 200kHz (20Vp.p) 


Vin = 200kHz, 5Vp.p 
Vin = 200KHz, 10Vp.p 
Vin = 200KHz, 20Vp.p 
Vin = 500KHz, 5Vp.p 


Intermodulation Distortion Viy =10Vp.p (f1 = 20kHz, f2 = 21kHz) 


HOLD MODE (50% Duty Cycle S/H) 


Signal to Noise Ratio (RMS Signal to RMS noise) 


Fs = 450kHz 


Total Harmonic Distortion 


Fs = 450kHz 


Fs = 450kHz 


Fs = 2fi,(Nyquist) 


Intermodulation Distortion 
Fs = 450kHz 


Vin = 200kHz, 5Vp.p 
Vin = 200kHz, 10Vp.p 


Vin = 200KHz, 5Vp.p 
Vin = 200KHz, 10Vp.p 
Vin = 200KHz, 20Vp.p 
Vin = 100KHz, 5Vp.p 
Vin = 100kHz, 10Vp.p 
Vin = 100kKHz, 20Vp.p 
Vin = 20KHz, 5Vp_p 
Vin = 5OKHz, 5Vp.p 
Vin = 100KHz, 5Vp.p 


Vin = 10Vp.p 
(f1 = 20kHz, f2 = 21kHz) 
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Unity Gain Configuration (Output tied to -Input), R, = 2kQ, C, = 60pF, Unless Otherwise Specified (Continued) 


TEMPERATURE 
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Specifications HA-5340 


Electrical Specifications Vsuppty = £15.0V; C,, = Internal = 135pF; Digital Input: Vy, = +0.8V (Sample), Vj, = +2.0V (Hold). Non-Inverting 
Unity Gain Configuration (Output tied to -Input), R, = 2kQ, C, = 60pF, Unless Otherwise Specified (Continued) 


HA-5340-9 HA-5340-5 
PARAMETER TEMPERATURE | MIN | TYP | MAX | UNITS 


SAMPLE/HOLD CHARACTERISTICS 


Acquisition Time 10V Step to 0.01% 


10V Step to 0.1% 


Droop Rate (Cy, = Internal) 
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NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 


. Derived from Computer Simulation only, not tested. 
. +CMRR is measured from OV to +10V, -CMRR is measured from OV to -10V 
. Based on the calculation FPBW = Slew Rate/2nVpeax (Vpgax = 10V). 


. See Thermal Impedances in “Die Characteristics” section. Maximum power dissipation must be designed to maintain the junction tem- 
perature below +175°C for the ceramic package, and below +150°C for the plastic packages. 
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Functional Diagram Die Characteristics 
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HA-5340 


Applying the HA-5340 


The HA-5340 has the uncommitted differential inputs of an 
op amp, allowing the Sample and Hold function to be 
combined with many conventional op amp circuits. See the 
Harris Application Note 517 for a collection of circuit ideas. 


Layout 


A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01pF to 0.1pF, 
ceramic) should be provided from each power supply termi- 
nal to the Supply Ground terminal on pin 13. 


The ideal ground connections are pin 6 (SIG. GND) directly 
to the system Signal Ground, and pin 13 (Supply Ground) 
directly to the system Supply Common. 


Hold Capacitor 


The HA-5340 includes a 135pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this internal capacitor). 
Additional capacitance may be added between pins 7 and 
11. This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade-offs 
as shown in the Performance Curves. 


The hold capacitor C,, should have high insulation 
resistance and low dielectric absorption, to minimize droop 
errors. Teflon®, polystyrene and polypropylene dielectric 
capacitor types offer good performance over the specified 
operating temperature range. 


-15V +15V 


OFFSET 
ADJUST 
=+15mV 


Vin ¢ 


S/H CONTROL ° 


ae 


SYSTEM SYSTEM 
POWER SIGNAL 
GROUND GROUND 


The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and “guarded” by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 


®Teflon is a registered Trademark of Dupont Corporation. 


Applications 


Figure 1 shows the HA-5340 connected as a unity gain non- 
inverting amplifier - its most widely used configuration. As an 
input device for a fast successive - approximation A/D 
converter, it offers very high throughput rate for a monolithic 
IC sample/hold amplifier. Also, the HA-5340’s hold step error 
is adjustable to zero using the Offset Adjust potentiometer, 
to deliver a 12 bit accurate output from the converter. 


The HA-5340 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an A/D conversion are absorbed 
at the S/H output with minimum voltage error. A momentary 
short circuit to ground is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 


DIGITAL 
OUTPUT 


R/C 
ANALOG 
COMMON 


NOTE: Pin Numbers Refer to 
DIP Package Only. 


FIGURE 1. TYPICAL HA-5340 CONNECTIONS; NONINVERTING UNITY GAIN MODE 
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HA-5340 


Test Circuits 
(Cy =135pF = INTERNAL) VY 
FIGURE 2. HOLD STEP ERROR AND DROOP RATE 
CHa aLLs Parara HOLD (+4.0V) 
S/H CONTROL [ LJ : SAMPLE (0V) 
= HOLD (+4.0 
S/H CONTROL scree 
+7 
. NOTES: 
1. Observe the voltage “droop”, AVo/AT 
Vp 2. Measure the slope of the output during hold, AVo/AT 
NOTE: 3. Droop can be positive or negative - usually to one rail or the other 
1. Observe the “hold step” voltage Vp not to GND 
FIGURE 3. HOLD STEP ERROR FIGURE 4. DROOP RATE TEST 
V+ V- 
NOTE: 
1. Feedthrough in 
~~ Vour V 
OUT 
pth dB = 20log V where: 
SINE WAVE =n IN 
SUPPLY REF INT. V, = Voltsp_p, Hold Mode, 
CONTROL “GND COM COMP. PES Se eee oe 
ae Vin = VoltSp.p 
S/H CONTROL 


INPUT 
/ \ SUPPLY SIGNAL pie 
COMMON GND 


FIGURE 5. HOLD MODE FEED THROUGH ATTENUATION 
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HA-5340 


Typical Performance Curves 1, = +25°C,Vs = +15V, Unless Otherwise Specified 


S/H 


i. 2 

2. > 

5 E 

3 +H 

~ R ” 

< oc 

c s (a) Lil 

a. ~ Zi 

ie) q = 

fe) Fs eel 

ia Ww a 

Oo aa aS 
DB 2 < 
5 = 
g $9 
< ” re) 

a 
0 400 800 1200 1600 2000 2400 
EXTERNAL HOLD CAPACITOR (pF) EXTERNAL HOLD CAPACITANCE (pF) 
FIGURE 8. DROOP RATE vs HOLD CAPACITOR SIZE FIGURE 9. ACQUISITION TIME (0.01%) vs HOLD CAPACITANCE 

Ss > 

E E 

cc ri 

: 

oh TT 

a. a 

iW Be Bee SR Ss tee cs ees ee ss B nm ul 

“= a bs 

5 5 

x x 


Trise (ns) TEMPERATURE (°C) 
FIGURE 10. HOLD STEP ERROR vs Trise FIGURE 11. HOLD STEP ERROR vs TEMPERATURE 
Cy = Internal, Temperature = +25°C Vin = 4V, Cy = 470pF 
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HA-5340 


Typical Performance Curves 1, = +25°C,V; = +15V, Unless Otherwise Specified (Continued) 


Trise = 5ns 
Ta = +25°C 


HOLD STEP ERROR (mV) 
HOLD STEP ERROR (mV) 


ee 
ES cae 


-10 
$5 -35 -15 0 25 50 75 100 
EXTERNAL HOLD CAPACITANCE (pF) TEMPERATURE (°C) 


FIGURE 12. HOLD STEP ERROR vs HOLD CAPACITANCE FIGURE 13. HOLD STEP ERROR vs TEMPERATURE 


TS 
CUTIE TUTMITSNUT wacwrruoe | 
hh ‘nL mT 
gel CO OSS 
ST a 
PLUM TEE Seu) TTT 
RE 


= +100, +15V AND 


180 


MAGNITUDE (dB) 
=) 


So 
PHASE ANGLE (DEGREES) 
MAGNITUDE (dB) 


-20dBc 
SAMPLE “AND 


HOLD MODES 
-40dBe 


-80dBc 


0 100K 200K 300K 400K 500K 10 
FREQUENCY (Hz) VouTp.p at 200kHz, fgaupie = 450kHz 


FIGURE 16. THD vs FREQUENCY FIGURE 17. THD vs Voyr 
* +15V and +12V supplies trace the same line within 


the width of the line, therefore only one line is shown. 
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HARRIS HA5350, HA5351 


PRELIMINARY Ultra Fast (50ns) 
March 1993 Sample and Hold Amplifiers 
Features Description 
e¢ Ultra Fast Acquisition. ..... «2.06. 00.08.0008. ensc.cce ee SOns The HA5350/51 are ultra-fast sample/nold amplifiers designed 
for a wide range of applications including A/D conversion, 
© Very. Low Offset Error ...o.05 02 ercccccce scence 0.5mMV synchronous sampling, and peak detection. Built with the Harris 


HBC-10 BiCMOS process, these sample/hold amplifiers also 


¢ Very Low Hold Step Error.................. 1.25mV feature extremely low power dissipation, making them ideal for 
¢ On Chip Hold Capacitor use in systems that sample multiple signals and require low 
power. The HA5350 features fully differential inputs, offset adjust- 
¢ Fast Hold Mode Settling Time. ................ 30ns ment and an external hold capacitor pin to reduce droop rate if 
arabada required. In addition, it can be configured as a dedicated peak 
e Low Power Dissipation Bae ha ein 6 hie ele ometare we 200mW detector with the addition of an external diode. The HA5351 is an 
‘ ; 8 lead version designed for minimum board space. Both HA5350 
Total Harmonic Distortion (Hold Mode)....... 68dBc and HA5351 are available in PDIP, CERDIP, and SOIC packages 

¢ Fully Differential Inputs as indicated below. 


Embedded Track/Peak Function (HA5350) : i 
Ordering Information 


j_wowoen "nance | packoe 
NUMBER RANGE 
fasssor | aro +050 | wena Paster 


Applications 


¢ Synchronous Sampling 


¢ Instrumentation 


e A/D Conversion 


e Peak Detectors 


ie 
ou 
<5 
wo 
Pe | 

as 
& 

<Q 
YS 
fs 


Pinouts 
HA5350 HA5351 
(PDIP, CDIP, SOIC) (PDIP, CDIP, SOIC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3379 
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Specifications HA5350, HA5351 


Absolute Maximum Ratings (Note 1) 


Voltage Between V+ and V- Terminals .............00000- +11V 
Differential Input Voltage. .... 2... cece eee eee eee e eee n ees 6V 
Voltage Between S/H Control and Ground................ +5.5V 
Output Current, Continuous .............. cece cece ee eee +30mA 
Junction Temperature (Ceramic Package).............. +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.).............005- +300°C 


Operating Conditions 
Operating Temperature Range 
HAGSOOs ok vices cece + venevccd MOREE -40°C < Ty s +85°C 
PU gs ho io cbc 0b ve peep ce eee -40°C < Ty s +85°C 
Storage Temperature Range............... -65°C < Ty < +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions (Unless Otherwise Specified) Vsyppyy = +5V; Cy = Internal = 15pF, Digital Input: 
Vit = +0.0V (Sample), Vy = 4.0V (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 


R, = 5009, C, = 50pF 


INPUT CHARACTERISTICS 


Input Offset Voltage 


CMRR (£2.5Vp¢) (Note 3) 


Gain Bandwidth Product Cy, External = OpF 


Cy, External = 5pF 


Input Current V;, = OV hie 


Input Current (Vj, = 5V) iw 


reese ae 


SUMEERA ccs ce i aT 
[roavinnoorange Cid ee 
er 
| re I cieee biter - 


Offset Voltage Temperature Coefficient 


Offset Current 


Common Mode Range 


TRANSFER CHARACTERISTICS 


DIGITAL INPUT CHARACTERISTICS 
Input Voltage (High) Vin oe. 
Input Voltage (Low) Vit | Ful | 


HA53501, HA53511 LIMITS 


ce 


Full 
+25°C 


: 
< 


+25°C 
Full 


+1.5 


72 


z 
= 
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Specifications HA5350, HA5351 


Electrical Specifications Test Conditions (Uniess Otherwise Specified) Vsyppyy = +5V; Cy = Internal = 15pF, Digital Input: 
Vi = +0.0V (Sample), Vj, = 4.0V (Hold). Non-inverting Unity Gain Configuration (Output Tied to -input), 


R, = 500Q, C, = 50pF (Continued) 
OUTPUT CHARACTERISTICS 


cumnonwoteetCe eo no 
oo a Be TE 
[oaeucunen Dme(ioonweazan —————S—*r | eo] Yeo 
[Fu Power ana (Sow Rte Unied)wemw) | 


+25°C 


Output Resistance - Hold Mode 


TOTAL OUTPUT NOISE, D.C. TO 10MHz 


— 
—s 
DISTORTION CHARACTERISTICS 

SAMPLE MODE 


Signal to Noise Ratio 
(RMS Signal to RMS Noise) Vin = 5Vp.p, Fiy = 1MHz +25°C 


a1 x 
21a 


SAMPLE AND HOLD CHARACTERISTICS 


+25°C 


Acquisition Time 2.5V Step to timV 


+25°C 
+25°C 


Total Harmonic Distortion Vin = 5Vp.p, Fin = 1MHz : See Ye 
” 
Intermodulation Distortion t a 
Vin = 5Vp.p - F1 = 200kHz, F2 = 201kHz +25°C ee 2 
== aa 
HOLD MODE (50% Duty Cycle S/H) - E 
Signal to Noise Ratio ™ 2 
(RMS Signal to RMS Noise) 
Fs = 5MHz Vin = 5Vp.p, Fin = 1MHz +25°C 
Total Harmonic Distortion 
Fs = 5MHz Vin = 5Vp.p, Fin = 1MHz +25°C 
intermodulation Distortion 
Fs = 5MHz Vin cod 5Vp.p 
(F1 = 200kHz, F2 = 201kHz) +25°C 


2.5V Step to 0.01% 
Droop Rate (Cy, = Internal) 


Hold Step Error (Vit = OV, Vin = 4.0V, ta = 5ns) +25°C 
Hold Mode Settling Time (to +1mV) +25°C 


+1.25 mV 


Specifications HA5350, HA5351 


Electrical Specifications Test Conditions (Unless Otherwise Specified) Vsyppyy = +5V; Cy = Internal = 15pF, Digital Input: 
~. +0.0V (Sample), Vj, = 4.0V (Hold). Non-inverting Unity Gain Configuration (Output Tied to -Input), 
= 5009, C, = 50pF (Continued) 


HA5350I, | HASS50I, HASS511 LIMITS | HASS50I, HASS511 LIMITS 


SAMPLE AND HOLD CHARACTERISTICS (Continued) 


[Hold Mode Feedthrough (Vp, S00KHz, Sino) vase | 68 | 

CSS a aa mmm Bo RN ee eT 

Averihe icortsingy |] p2e0 | i oir caafimt) a wolp satin onc 
POWER SUPPLY CHARACTERISTICS 

pomeeyorceet) ee ee 

[Negative Supply Curent a= ca aio mma | 
PSRR (V+ or V-, 10% Delta) ae ea ae eee ee 

NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 


2. Derived from Computer Simulation only, not tested. 
3. +CMRR is measured from OV to +2.5V, -CMRR is measured from OV to -2.5V. 
4. Based on the calculation FPBW = Slew Rate/2Vpe ax (Vpeak = 2-5V). 
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HA5350, HA5351 


Die Characteristics 


DIE DIMENSIONS: 
70 x 90 x 19 + Imils 


METALLIZATION: 
Metal 1: AlCu (1%)/TiW, Thickness: 6kA + 0.75kA 
Metal 2: AlCu (1%), Thickness: 16kA + 1.1 


GLASSIVATION: 
Type: Sandwich Passivation (Nitride + Oxide) 
Thickness: Silox - 8kA + 0.8kA; Nitride - 4.2kA + 0.4kA 


DIE ATTACH: 
Material: Epoxy - Plastic DIP and SOIC 
Eutectic - Ceramic DIP 


TRANSISTOR COUNT: 165 
SUBSTRATE POTENTIAL (Powered Up): V- 


Metallization Mask Layout 


HAS350, HA5351 


+IN -IN 


+OFFSET oe 


SIG GND 


-~OFFSET 


GND/loyt 


V+ 


Ve 


Cext S/H CNT 


NOTE: Adjacent pads with the same names (e.g. V-) must both be bonded to the same point. 
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HARRIS 


SEMICONDUCTOR 


HA5352 


PRELIMINARY Ultra Fast (50ns) Dual 
March 1993 Sample and Hold Amplifier 
Features Description 
e Ultra Fast Acquisition ...........ccccceeceees 50ns The HA5352 is an ultra-fast dual sample/fhold amplifier 
designed for a wide range of applications including A/D 
¢ Very Low Offset Error .......------+++++0:- 0.5mV conversion, synchronous sampling, and peak detection. Built 


with the Harris HBC-10 BICMOS process, this sample/hold 


e Very Low Hold Step Error............--2ee- 1.25mV : agi 
amplifier also features extremely low power dissipation, 

e On Chip Hold Capacitor making it ideal for use in systems that sample multiple 
signals and require low power. 

e Fast Hold Mode Settling Time. ...............- 30ns 

9 The HA5352 is available in PDIP, CERDIP, and SOIC 
e Low Power Dissipation ............e.eeeee- 200mW _spackages as indicated below. 
¢ Total Harmonic Distortion (Hold Mode)....... -68dBc 


Ordering Information 


a 
NUMBER RANGE 

Trasesa | 40°10 1850 | t4lead aslo OP 
[aasesaw | 40°10 1050 | 16 Lead Wise Body SOIC 


e Fully Differential Inputs 


Applications 


e¢ Synchronous Sampling 


e Instrumentation 
e A/D Conversion 


e Peak Detectors 


Pinouts 
HA5352 HA5352 
(300 mil SOIC) (PDIP, CDIP) 
TOP VIEW TOP VIEW 

n4} Vi+ 

n3} S/H1 CNT 

12] OUT 1 
V2- 

nO} OUT 2 

9] S/H2 CNT 

8} V2+ 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3394 
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Specifications HA5352 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals...............200- +11V Operating Temperature Range 

Eprremeerual (nit VONSOR. 6 on cok soak we oe cine cele sce ws 6V PI es A eee ok Ss bcos oh owbae -40°C < Ty s +85°C 
Voltage Between S/H Control and Ground................ +5.5V Storage Temperature Range............... -65°C < T, < +150°C 
CORP GUTOR, GOTINUMNIS 6 oa occ cra vet od snd vcnsseciesces +30mA 

Junction Temperature (Ceramic Package).............. +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)..............26- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions (Unless Otherwise Specified) Vsyppyy = +5V; Cy = Internal = 15pF, Digital Input: 
Vii = +0.0V (Sample), Vi4 = 4.0V (Hold). Non-inverting Unity Gain Configuration (Output Tied to -Input), 


R, = 5000, C, = 50pF 

PARAMETERS a UNITS 
oe a a a Ge 
Se 


Input Capacitance +25°C pF 
+25°C 


Input Offset Voltage 
Full 


Offset Voltage Temperature Coefficient (Note 2) Full 


ead 
oe 
ee ibe 
aii lk 
Bias Current +25°C Les kanal 
fo 
oe | 
ee | 
ram na 


pwV/PC 


all 
on 


Offset Current +25°C 


Full 


Common Mode Range Full 


CMRR (+2.5Vp¢) (Note 3) +25°C 


Gain Bandwidth Product C,, External = OpF ne ee ee ee 
Cy, External = 5pF oa Pee MHz 


Cy External = 10pF 


= 
oa 
N 


TRANSIENT RESPONSE 


Ase Time (200m Step) a ie 
me (200m Step) —— 
Slew Pate (2.5V Step) 256 | 100 


DIGITAL INPUT CHARACTERISTICS 


S 
b 


° 
o 


Input Voltage (High) Vin 


cf 
oS 
<4 
< 
oC 
S 
a 
To) 
& 
= 
< 
= 
ze 

= 


Input Current Vj, = 5V iy 
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Specifications HA5352 


Electrical Specifications Test Conditions (Unless Otherwise Specified) Vsyppyy = +5V; Cy = Internal = 15pF, Digital Input: 
Vi. = +0.0V (Sample), Vj, = 4.0V (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 


R, = 500Q, C, = 50pF (Continued) 
| HASSSQILIMITS 
recs. 


+2.5 
+20 


PARAMETERS 
OUTPUT CHARACTERISTICS 


Output Voltage 
Output Current Drive (100Q to +2.0V) 
Full Power Bandwidth (Siew Rate Limited) (Note 4) 


EE 


+25°C 


Output Resistance - Hold Mode 


TOTAL OUTPUT NOISE, DC TO 10MHz 
Sample Mode 

Hold Mode 

DISTORTION CHARACTERISTICS 


+25°C 
+25°C 


LUVems 


LuVaws 


SAMPLE MODE 


Signal to Noise Ratio 


(RMS Signal to RMS Noise) +25°C 
+25°C 


+25°C 


Vin oS 5Vp.p, Fin = 1MHz 
Vin = 5Vp.p, Fin = 1MHz 
Vin = 5Vp.p, Fin = 5MHz 


7 


Oo 


Total Harmonic Distortion 


intermodulation Distortion 
Vin = 5Vp.p 


HOLD MODE (50% Duty Cycle S/H) 


F1 = 200kHz, F2 = 201kHz +25°C 


Signal to Noise Ratio 
(RMS Signal to RMS Noise) 


Fs = 5MHz Vin = 5Vp-p, Fin = 1MHz +25°C 

Total Harmonic Distortion 

Fs = 5MHz Vin = 5Vp.p, Fiy = 1MHz +25°C 

Fs = 5MHz Vin = 5Vp.p, Fiy = 500kKHz +25°C 

Fs = 2F,,(Nyquist) Vin = 5Vp.p, Fiy = 200kKHz +25°C 
Vin = 5Vp-p, Fin = 500KHz +25°C 
Vin = 5Vp.p, Fin = 1MHz +25°C 

intermodulation Distortion 

Fs = 5MHz Vin = 5Vp.p 


(F1 = 200kHz, F2 = 201kHz) 


+25°C 


SAMPLE AND HOLD CHARACTERISTICS 


Acquisition Time 


Droop Rate (C,, = Internal) 


Hold Step Error (Vy = OV, Vi, = 4.0V, ta = 5ns) 


2.5V Step to t1mV 


2.5V Step to 0.01% 


+25°C 


+25°C 

+25°C 
Full 

+25°C 


ei 
a|a 


< 


+1.25 m 
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Specifications HA5352 


Electrical Specifications Test Conditions (Unless Otherwise Specified) Vsyppyy = +5V; Cy = Internal = 15pF, Digital Input: 
Vit = +0.0V (Sample), Vj), = 4.0V (Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), 
R, = 500Q, C, = 50pF (Continued) 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 


2. Derived from Computer Simulation only, not tested. 
3. +CMRR is measured from OV to +2.5V, -CMRR is measured from OV to -2.5V. 
4. Based on the calculation FPBW = Slew Rate/2nVpe ax (Vpeax = 2.5V). 
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CA3028, Differential/Cascode Amplifiers for Commercial and Industrial Equipmen from DC to 120MHz....... 5-3 
CA3053 

CA3049, Dual High Frequency Differential Amplifiers For Low Power Applications Up to 500MHz........... 5-15 
CA3102 

CA3054 ‘Transistor Array - Dual Independent Differential Amp for Low Power Applications from DC to 120MHz...... 5-24 
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DIFFERENTIAL 
AMPLIFIERS 


Selection Guide 


DIFFERENTIAL AMPLIFIERS: Typical Values, Uniess Otherwise Specified. 


LEAD CT 


8E, 8M, 
‘aa 1) 8S, 8T 


1.35 7§ 
(Note 2) 
Recommended for IF Amplifier | 8E, 8M, 
Applications 8S, 8T 
120 32 550 75 14E, 14M 
(Note 3) 
1.35 io 14E, 14M 
(Note 2) 
* See Packaging Information in Section 11. 
NOTES: 


1. Gp Min. at 100MHz; Cascode = 16dB; Differential Amplifier = 14dB. 
2. GHz 

3. fy (MHz) 

4. T, Range: -55°C to +125°C except for type CA3054 (0°C to +85°C) 


DESCRIPTION FEATURES (NOTE 4) 


mates Differential 
Cacceagie oie 


Amplifiers 


figuration with controlled constant 
current source 

RF, IF and video frequency capability 

¢ Balanced AGC capability 

¢ Operation from DC to 500MHz 

¢ CA3028B is controlled for input 
offset voltage, current, and input 
bias current, and is intended for “bal- 
ance” requirements 

¢ Push-Pull inputs and outputs 

¢ CA3028 and CA3053 are identical 

except for 100MHz noise specifi- 

cation 


CA3028B 
CA3049 Dual High 
Frequency 
CA3053 Differential/Cas- 
code Amplifier 
CA3054 Dual 
Independent 
CA3102 Dual High 
Frequency 


HARRIS CA3028, CA3053 


SEMICONDUCTOR 


GD 


Differential/Cascode Amplifiers for Commercial 


March 1993 and Industrial Equipment from DC to 120MHz 
Features Description 
¢ Controlled for Input Offset Voltage, Input Offset Cur- The CA3028A and CA3028B are _ differential/cascode 
rent and Input Bias Current (CA3028 Series Only) amplifiers designed for use in communications and industrial 


¢ Balanced Differential Amplifier Configuration with CQUIDTION, ODORANT Ot CaGieroneg eit ers 10: tere =: 


Controlled Constant Current Source The CA3028B is like the CA3028A but is capable of pre- 

mium performance particularly in critical DC and differential 

* Single-Ended and Dual-Ended Operation amplifier applications requiring tight controls for input offset 
voltage, input offset current, and input bias current. 


Applications . 
The CA3053 is similar to the CA3028A and CA3028B but is 
e RF and IF Amplifiers (Differential or Cascode) recommended for IF amplifier applications. 


e DC, Audio and Sense Amplifiers Or dering Information 


PART TEMPERATURE 
NUMBER RANGE 


¢ Converter in the Commercial FM Band 


e Oscillator 
e Mixer CA3028A -55°C to +125°C | 8PinCAN 
e Limiter CA3028AE -55°C to +125°C ~—| 8 Lead Plastic DIP 


CA3028AM -55°C to +125°C 8 Lead SOIC 
CA3028AM96 -55°C to +125°C 8 Lead SOIC* 
CA3028B -55°C to +125°C 8 Pin CAN 


¢ Companion Application Note AN5337 “Application of 
the CA3028 Integrated Circuit Amplifier in the HF and 
VHF Ranges.” This note covers characteristics of 
different operating modes, noise performance, mixer, 


limiter, and amplifier design considerations CA3028BE -55°C to +125°C _| 8 Lead Plastic DIP J 
<q” 
CA3028BM -55°C to+125°C + =| 8 Lead SOIC p= 17 
ui 
ui & 
CA3053 -55°C to +125°C =| 8 Pin CAN a = 
a 


CA3053E -55°C to +125°C 8 Lead Plastic DIP 
CA3053M -55°C to +125°C 8 Lead SOIC 
CA3053M96 -55°C to +125°C 8 Lead SOIC* 


* Denotes Tape and Reel 


CA3028BM96 -55°C to +125°C 8 Lead SOIC* 


Schematic Diagram 


SUBSTRATE 
AND CASE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 382.2 
Copyright © Harris Corporation 1993 5.3 


Specifications CA3028A, CA3028B, CA3053 


Absolute Maximum Ratings (T, = +25°C) Operating Conditions 

Power Dissipation Operating Temperature Range ...........-- -55°C < Ta S$ +125°C 
13-00 Fiat SOR SST a Se Ei cs, FERS 450mW = Storage Temperature Range.............-- -65°C < Ta $ +150°C 
AOR Te = 4B ing sc ecm om se scssee Derate Linearly 5mW/°C 

WUINCHON Terrigeratere: |. A re Fee Sa A o +175°C 

Junction Temperature (Plastic Package) ............06- +150°C 

Lead Temperature (Soldering 10 Sec.)..........+..000- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Maximum Voltage Ratings T, = +25°C 


The following chart gives the range of voltages which can be applied to the terminals listed Maxi 
horizontally with respect to the terminals listed vertically. For example, the voltage range of the axgmum 
horizontal Terminal 4 with respect to Terminal 2 is -1V to +5V. Current Ratings 


0to-15 | Oto-15 | Oto-15 
(Note 3) | (Note 3) | (Note 3) 
+5 to-11] +5to-1 | +15to0 
(Note 5) 


+30 to0 | +15to0 | +30to0 
(Note 6) | (Note 5) | (Note 6) 


1. Terminal No. 3 is connected to the substrate and case. 


2. Voltages are not normally applied between these terminals. Voltages appearing between these 
terminals will be safe, if the specified voltage limits between all other terminals are not exceeded. 


3. Limit is -12V for CA3053. 
4. Limit is +15V for CA3053. 
5. Limit is +12V for CA3053. 
6. Limit is +24V for CA3028A and +18V for CA3053. 


Electrical Specifications T, = +25°C 


TEST CA3028A CA3028B 
PARAMETERS SYMBOL CONDITIONS 


STATIC CHARACTERISTICS 

Input Offset Voltage Vio Vec = 6V, Vee = -6V 
(Figures 1, 14) Voc = 12V, Veg = -12V 
Input Offset Current (Fig- Voc = 6V, Veg = -6V 
ures 2, 14) 


Voc = 12V, Veg = -12V 
Input Bias Current 


Voc = 6V, Veg = -6V 
(Figures 2, 3, 15, 16) 
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Specifications CA3028A, CA3028B, CA3053 


Electrical Specifications T, = +25°c (Continued) 


LIMITS 
TEST c CA3028B 
PARAMETERS | SYMBOL CONDITIONS | MIN | TYP 


STATIC CHARACTERISTICS (Continued) 
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Sol 5] 21x 1 = 
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So 
S2 


Quiescent Operating lg: Ig = = 
Current (Figures 2, 3, 17, 
18, 19) 


Voc = 12V, Veg = -12V 
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Voc = 12V, Vacc = 9V 
Vv 


AGC Bias Current 
(Into Constant Current 
Source Terminal 7) 
(Figures 4, 20) 


Input Current 7 
(Terminal 7) ue 12V, Ver = -12V 


Power Dissipation T Voc = 6V, Veg = -6V 
(Figures 2, 3, 21) Voc = 12V, Veg = -12V 
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DYNAMIC CHARACTERISTICS 


Gp f = 100MHz | Cascode 
Voc = OV 


f = 10.7MHz | Cascode 


Noise Figure (Figures 5, NF f= 100MHz, | Cascode 
6, 7, 23, 25, 26) Voc = 9V iff. 


Input Admittance f= 10.7MHz, | Cascode 
(Figures 27, 28) Voc = 9V 


Power Gain (Figures 5, 
6, 7, 22, 24, 26) 


Oo Sols 
3/8) 5 3) 
> Oo yp] O 
“i eee ee 
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=F on wo] 
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So 
S oO 
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Ss 

on 


Sale 5] 21x = “I 9 


Reverse Transfer f= 10.7MHz, | Cascode 


& 
ro) 
E 


Admittance Voc = 9V jo jo jo 
(Figures 29, 30) 0.01 - 
j0.0002 


Forward Transfer Cascode 
Admittance 


(Figures 31, 32) 


f = 10.7MHz, 
Voc = 9V 


Cascode 


Output Admittance 
(Figures 33, 34) 


f = 10.7MHz, 
Voc = 9V 


f = 10.7MHz, | Diff. Amp., 
Veco = 9V - 
f= 10.7MHz, | Diff. Amp. 
Voc = 9V 


f = 10.7MHz, | Cascode 
Voc = 90V, ; 
RR. = 1kQ : 


Output Power (Untuned) 
(Figures 8, 35) 
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Power Gain to Full Cut- 
off) (Figures 9, 36) 


Voltage Gain 
(Figures 10, 11, 37, 38) 
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DIFFERENTIAL 
AMPLIFIERS 


Specifications CA3028A, CA3028B, CA3053 


Electrical Specifications T, = +25°C (Continued) 


LIMITS 


TEST CAPRA SAE kL ee 
PARAMETERS | SYMBOL CONDITIONS |MIN | TYP |MAX| MIN | TYP |MAX] MIN | TYP | 


DYNAMIC CHARACTERISTICS (Continued) 


Differential Voltage Gain A Voc = 6V, Veg = -6V, 
at f = 1kHz (Figure 12) Ry = 2kQ 
Voc = 12V, Veg = -12V, 
Ry, = 1.6kQ 
Vo(P-P) Voc = 6V, Vee = -6V, 
Ry = 2kQ 
Voc = 12V, Veg = -12V, 
R, = 1.6kQ 
BW Voc = 6V, Veg = -6V, 
Ry = 2kQ 
Voc = 12V, Veg = -12V, 
Ry = 1.6kQ 
Vemr | Voc = 8V, Veg = -6V 
Voc = 12V, Veg = -12V 
CMRR Voc = 6V, Vee = -6V 
Voc = 12V, Veg = -12V 


Voc = 12V, Vee = -12V 
NOTE: 1. Does not apply to CA3053. 


Max. Peak-to-Peak Out- 
put Voltage at f = 1kHz 
(Figure 12) 


Bandwidth at -3dB Point 
(Figure 12) 


Common Mode Input 
Voltage Range 
(Figure 13) 


Common Mode Rejec- 
tion Ratio (Figure 13) 


Input Impedance at 
f = 1KHz 


MN 

oO 
> Ne 
wm ran) 


Peak-to-Peak Output 
Current 


f = 10.7MHz, Voc =9 


ein = 400M, yg = 12V 
Dif. Amp. | 


; 


Test Circuits 
Vec 
SuF T 4ko 1kO 
ie VOUTMETER 
re 1 Your! FLUKE TYPE 
(6) 80 OR EQUIV. 
272 2.72 (8) 
ve ap 
+ 
2.72 2.72 
2700 NOTE 1 2 ) 
Vig 
NOTES LV-T-V-M. ¥ ouF 
= it PE es 
NOTES: 
1. Adjust R, for Voyy = OV + 0.1V. NOTE: POWER DISSIPATION = I,Ver + (Ig +lg) Vag 
2. Record Input Offset Voltage. 
FIGURE 1. INPUT OFFSET VOLTAGE TEST CIRCUIT FOR FIGURE 2. INPUT OFFSET CURRENT, INPUT BIAS CURRENT, 
CA3028B POWER DISSIPATION, AND QUIESCENT OPERATING 
CURRENT TEST CIRCUIT FOR CA3028A AND 
CA3028B 


CA3028A, CA3028B, CA3053 


Test Circuits (Continued) 


Vcc 


NOTE: POWER DISSIPATION = Voc!'s 


FIGURE 3. INPUT BIAS CURRENT, POWER DISSIPATION AND 
QUIESCENT OPERATING CURRENT TEST CIRCUIT 
FOR CA3053 


50Q SIGNAL 
SOURCE 


NOTES: 


1. For Power Gain Test 
2. For Noise Figure Test 


mo] oh [ee | ay | ot 
(PF) | (PF) | (uH) (uH) 


| 10.7 |20-60]20-60] 3-5 | 3-5 | 
| 100_| 3-30 | 3-30 [0.1 -0.25] 0.15-0.3| 


FIGURE 5. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


(CASCODE CONFIGURATION) FOR CA3028A, 


CA3028B AND CA3053* 


* 10.7MHz Power Gain Test Only 
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Vcc 


Vcc 


FIGURE 4. AGC BIAS CURRENT TEST CIRCUIT (DIFFERENTIAL 
AMPLIFIER CONFIGURATION) FOR CA3028A AND 
CA3028B 


DIFFERENTIAL 
AMPLIFIERS 


50Q SIGNAL 
SOURCE 


NOTE 1) OR 
OISE DIODE 
NOTE 2 


NOTES: 


1. For Power Gain Test 
2. For Noise Figure Test 


FIGURE 6. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION 
AND TERMINAL 7 CONNECTED TO VCC) FOR 
CA3028A, CA3028B AND CA3053* 


CA3028A, CA3028B, CA3053 


Test Circuits (Continued) 


NOTES: 


1. For Power Gain Test 
2. For Noise Figure Test 


(pF) (uH) (1H) 


FIGURE 7. POWER GAIN AND NOISE FIGURE TEST CIRCUIT FIGURE 8. OUTPUT POWER TEST CIRCUIT FOR CA3028A 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) AND CA3028B 
FOR CA3028A AND CA3028B 


5kQ 


Cy 


50Q 
SIGNAL 
SOURCE 


‘omse)| oh | we) | tn | oty_ 
(pF) | (pF) (WH) (1H) 


[107 [20-60]20-s0] 3-6 | 3-6 


FIGURE 9. AGC RANGE TEST CIRCUIT (DIFFERENTIAL FIGURE 10. TRANSFER CHARACTERISTIC (VOLTAGE GAIN) 
AMPLIFIER) FOR CA3028A AND CA3028B TEST CIRCUIT (10.7MHz) CASCODE CONFIGURA- 


TION FOR CA3028A, CA3028B AND CA3053 
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CA3028A, CA3028B, CA3053 


Test Circuits (Continued) 


102 


=) ie le 
> (tet 
5G ES Ps) 


G 


0.01yF 


INPUT OUTPUT 


50Q 


ae 3) 


10uH oe 


0.001 pF i 


FIGURE 11. TRANSFER CHARACTERISTIC (VOLTAGE GAIN) 
TEST CIRCUIT (10.7MHz) DIFFERENTIAL 
AMPLIFIER CONFIGURATION FOR CA3028A, 
CA3028B ANID CA3053 


Vy RANGE 
OF COMMON 
MODE REJECTION 


NOTES: 
1. For CMR test: S, to GND. 


Vcc 


OSCILLOSCOPE 
WITH HIGH 
GAIN DIFF. INPUT 
(TEKTRONIX TYPE 
530, 540, OR 580 
WITH TYPE D 
PLUG-IN 
TEKTRONIX 
TYPE 502 OR 
EQUIVALENT) 


Ve = 


* For R = 1.6kQ: Vog = 12V, Veg = -12V 
For R = 2.0kQ: Vgc = 6V, Veg = -6V 


FIGURE 12. DIFFERENTIAL VOLTAGE GAIN, MAXIMUM PEAK- 
TO-PEAK OUTPUT VOLTAGE AND BANDWIDTH 
TEST CIRCUIT FOR CA3028B 


OSCILLOSCOPE 
WITH HIGH 
GAIN DIFF. INPUT 
(TEKTRONIX TYPE 
530, 540, OR 580 

WITH TYPE D 
PLUG-IN 
TEKTRONIX 
TYPE 502 OR 
EQUIVALENT) 


DIFFERENTIAL 
AMPLIFIERS 


2. For Input Common Mode Voltage Range Test: S, to Vx. 


oes ' (A*) (2) (0.3) 
3, Common Mode Rejection Ratio = 20log 10... (AMS) 
pir (AMS) 


* A = Single-Ended Voltage Gain. 
FIGURE 13. COMMON MODE REJECTION RATIO AND COMMON MODE INPUT VOLTAGE RANGE TEST CIRCUIT FOR CA3028B 


CA3028A, CA3028B, CA3053 


Typical Performance Curves 


POSITIVE DC SUPPLY VOLTS (Vcc) 
NEGATIVE DC SUPPLY VOLTS (Veg) 


POSITIVE DC SUPPLY VOLTS (Vcc) 
NEGATIVE DC SUPPLY VOLTS (Vee) 


ae 75.0 
< a= 
a eee ee ee 
ae — 625 
38 se Se eee 
he os 50.0 
93 FI DM] Veco = +12V 
ee La we I ; Re 
{iirmrace ge i 
58 Ss Rm aic “Se 
oe i SECESO 
7 tea 
zz jak PERM iri 
: ree tiie ee , 
0 0 
75 50-25 0 25 50 75 100 125 75 50 -25 0 2 50 75 100 125 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
FIGURE 14. INPUT OFFSET VOLTAGE AND INPUT OFFSET FIGURE 15. INPUT BIAS CURRENT vs TEMPERATURE FOR 
CURRENT FOR CA3028B vs TEMPERATURE CA3028A AND CA3028B 


DIFFERENTIAL AMPLIFIER CONFIGURATION 


< 

E 

q 5 

rd 

& é 

Wi rs) 
c 

va GS 

=) z 

Oo E 

< 

< c 

rea) a. 

5 - 

= & 

= O 

” 

Ww 

5 

: a 

75 60 -25 0 28 © 50 :75.: 100 125 1.5 
75 -50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
FIGURE 16. INPUT BIAS CURRENT vs TEMPERATURE FOR FIGURE 17. QUIESCENT OPERATING CURRENT vs 
CA3053 TEMPERATURE FOR CA3028A AND CA3028B 


ad 
a) 


DIFFERENTIAL AMPLIFIER CONFIGURATION 


rs) 
°o 


tie one 
is Ae Se 
ee 
ee ae 


S) 
7) 


rx) 
ol 
x) 
o 


QUIESCENT OPERATING CURRENT (mA) 
OPERATING CURRENT, Ig OR ig (mA) 


75 50 -25 O 25 50 $75 100 125 


AMBIENT TEMPERATURE (°C) DC EMITTER SUPPLY (V) 
FIGURE 18. QUIESCENT OPERATING CURRENT vs FIGURE 19. OPERATING CURRENT vs Veg VOLTAGE FOR 
TEMPERATURE FOR CA3053 CA3028A AND CA3028B 
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CA3028A, CA3028B, CA3053 


Typical Performance Curves (Continued) 


DIFFERENTIAL AMPLIFIER CONFIGURATION S 

Ta = 425°C E 180 = 
= = Voc = +12V £ 
pm N Veg = -12V rs 

< 4 Wie ae 
E a z 
- 2 fe) = 
ci - 170-1 — 35 
: Bia a8 3 
rs) 5 a 
n re 
< o e ui 

nm uJ 
1 z 3 
3) 160 30 2 
g : : 
Z 5 
rit Po 
6 150 25 
0 2 4 6 8 10 12 -50 -25 0 25 50 75 100 125 
FIGURE 20. AGC BIAS CURRENT vs BIAS VOLTAGE FIGURE 21. POWER DISSIPATION vs TEMPERATURE FOR 
(TERMINAL 7) FOR CA3028A AND CA3028B CA3028A AND CA3028B 


CASCODE CONFIGURATION 
Ta = +25°C, f = 100MHz 


POWER GAIN (dB) 
NOISE FIGURE (dB) 


SN 
ED 
in Ba 
ieee 
Eta 
ies 
ee 


DIFFERENTIAL 
AMPLIFIERS 


10 20 30 40 50 60 70 80 90100 


FREQUENCY (MHz) DC COLLECTOR SUPPLY VOLTAGE (V) 
FIGURE 22. POWER GAIN vs FREQUENCY (CASCODE FIGURE 23. 100MHz NOISE FIGURE vs COLLECTOR SUPPLY 
CONFIGURATION) FOR CA3028A AND CA3028B VOLTAGE (CASCODE CONFIGURATION) FOR 
CA3028A AND CA3028B 


95 atoms 


DIFFERENTIAL AMPLIFIER CONFIGURATION 
cenit i 


POWER GAIN (dB) 
R 
NOISE FIGURE (dB) 


a 
ra : 
CECH 
coco 


oa 
0 


10 2 30 40 50 60 708090100 
FREQUENCY (MHz) DC COLLECTOR SUPPLY VOLTAGE (V) 
FIGURE 24. POWER GAIN vs FREQUENCY (DIFFERENTIAL FIGURE 25. 100MHz NOISE FIGURE vs COLLECTOR SUPPLY 
AMPLIFIER CONFIGURATION) FOR CA3028A AND VOLTAGE (DIFFERENTIAL AMPLIFIER CONFIGU- 


CA3028B RATION) FOR CA3028A AND CA3028B 


CA3028A, CA3028B, CA3053 


Typical Performance Curves (Continued) 


DIFFERENTIAL AMPLIFIER CONFIGURATION 
Ta = +25°C, Voc = +9V, f = 100MHz 


~ 
So 


~~ 
o 


SH 
Egos 
Bee 
ze 
at 

LY. 
in a 


NOISE FIGURE (dB) OR POWER GAIN (dB) 
an 


POSITIVE DC BIAS VOLTAGE (V) 
FIGURE 26. 100MHz NOISE FIGURE AND POWER GAIN vs 


CASCODE CONFIGURATION, Ta = 425°C |_| | II 
Ic(STAGE) = 4.5mA, Voc = +9V 


INPUT CONDUCTANCE (g,1) OR 
SUSCEPTANCE (b,;) (mmho) 


Ca 
al 
MENA 
ee an _ ZA | TT 


| | ene TTT 
a @ameeid 


seer eae (MHz) 
FIGURE 27. INPUT ADMITTANCE (Y,,) vs FREQUENCY 


BASE-TO-EMITTER BIAS VOLTAGE (TERMINAL 7) (CASCODE CONFIGURATION) 


FOR CA3028A AND CA3028B 


DIFFERENTIAL AMPLIFIER CONFIGURATION 
Ta = +25°C, Voc = +9V 


3} Ic OF EACH TRANSISTOR = 2.2mA 


INPUT CONDUCTANCE (g,;) OR 
SUSCEPTANCE (b,1) (mmho) 


Bae ar “Alt 
ae LI 
10 100 


FREQUENCY (MHz) 


REVERSE TRANSFER CONDUCTANCE (9,9) 
OR SUSCEPTANCE (b49) (umho) 


FREQUENCY (MHz) 


FIGURE 28. INPUT ADMITTANCE (Y,,) vs FREQUENCY (DIFFER- FIGURE 29. REVERSE TRANSADMITTANCE (Y42) vs 


ENTIAL AMPLIFIER CONFIGURATION) 


DIFFERENTIAL AMPLIFIER CONFIGURATION i 


Ta = +25°C, Voc = +9V 
0.3] Ic OF EACH TRANSISTOR = 2.2mA 


0.1 


REVERSE TRANSFER CONDUCTANCE (g;2) 
OR SUSCEPTANCE (b,9) (mmho) 


10 20 30 40 5060 80 100 200 300 
FREQUENCY (MHz) 


FIGURE 30. REVERSE TRANSADMITTANCE (Y,.) vs 
FREQUENCY (DIFFERENTIAL AMPLIFIER 
CONFIGURATION) 


FREQUENCY (CASCODE CONFIGURATION) 


Ic(STAGE) = 4.5mA, Voc = +9V 


FORWARD TRANSFER CONDUCTANCE (go) 
OR SUSCEPTANCE (b23) (mmho) 


1 2 3 4 5678910 
FREQUENCY (MHz) 


FIGURE 31. FORWARD TRANSADMITTANCE (Y,,) vs 
FREQUENCY (CASCODE CONFIGURATION) 
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CASCODE Se ad Ta = +25°C anit 


CA3028A, CA3028B, CA3053 


Typical Performance Curves (Continued) 


FE DIFFERENTIAL AMPLIFIER CONFIGURATION 3 CASCODE CONFIGURATION, Ta = +25°C 5 
ee = + . =+ = 4.9m = + 
os ‘s OF EACH TRANSISTOR = 2.2mA wan oF 3 § 
Z ie TTT EE 
eFC Rg Peer 8 
10 anil Z 
sf LU Tg ces 
it = : = 0.02 W 
ie CO ne Se THM HH NU 
| CO Te 8 TLC & 
ae He oo UT TT 
So ete TCT Ei 
1 10 100 1 10 100 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 32. FORWARD TRANSADMITTANCE (Y>;) vs FIGURE 33. OUTPUT ADMITTANCE (Y22) vs FREQUENCY 
FREQUENCY (DIFFERENTIAL AMPLIFIER (CASCODE CONFIGURATION) 
CONFIGURATION) 
_. | DIFFERENTIAL AMPLIFIER CONFIGURATION, all ae DIFFERENTIAL AMPLIFIER CONFIGURATION 
2 |], =+25°C 2 —" = +25°C, CONSTANT POWER INPUT = 2uW 
E lc OF EACH TRANSISTOR = 2.2mA, Vcc = +9V fill s E 
3 erat Ra 
8 oot WW’ lis 8 ce 
bs citi eS 
rill eM cals i. 
St mit. a 
e 0.2 “3 05 f iw = 
3 0.1 Aa 2 ui B 
: er | : ue z 
1 100 
acy (MHz) FREQUENCY (MHz) 
FIGURE 34. OUTPUT ADMITTANCE (Y,.) vs FREQUENCY FIGURE 35. OUTPUT POWER vs FREQUENCY - 50Q INPUT AND 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 50Q OUTPUT (DIFFERENTIAL AMPLIFIER 
CONFIGURATION) FOR CA3028A AND CA3028B 
DIFFERENTIAL AMPLIFIER CONFIGURATION | |_| CASCODE CONFIGURATION 
Ta = +25°C, Voc = +9V Ta = +25°C, f = 10.7MHz 
is fe qoepou hig ia adtofis pallto fou 
F 49 kB So ee ae ee = 
ee Bs eB y 
~ 20 3 
: 2 
5 0 é 
ro] 
-20 
Oe 8h 6 A Oe 8 0. 
DC BIAS VOLTAGE ON TERMINAL NO. 7 (V) INPUT VOLTAGE (V) 
FIGURE 36. AGC CHARACTERISTICS FOR CA3028A AND FIGURE 37. TRANSFER CHARACTERISTICS (CASCODE 
CA3028B CONFIGURATION) 
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CA3028A, CA3028B, CA3053 


Typical Performance Curves (Continued) 


OUTPUT VOLTAGE (V) 
in 


DIFFERENTIAL AMPLIFIER CONFIGURATION| —_ 
Ta = 425°C, f = 10.7MHz 


FIGURE 38. TRANSFER CHARACTERISTICS (DIFFERENTIAL AMPLIFIER CONFIGURATION) 


Glossary of Terms 
AGC Bias Current 


The current drawn by the device from the AGC voltage 
source, at maximum AGC voltage. 


AGC Range 


The total change in voltage gain (from maximum gain to 
complete cutoff) which may be achieved by application of the 
specified range of dc voltage to the AGC input terminal of 
the device. 


Common Mode Rejection Ratio 


The ratio of the full differential voltage gain to the common 
mode voltage gain. 


Power Dissipation 


The total power drain of the device with no signal applied 
and no external load current. 


input Bias Current 


The average value (one half the sum) of the currents at the 
two input terminals when the quiescent operating voltages at 
the two output terminals are equal. 


input Offset Current 


The difference in the currents at the two input terminals 
when the quiescent operating voltages at the two output ter- 
minals are equal. 


Input Offset Voltage 


The difference in the dc voltages which must be applied to 
the input terminals to obtain equal quiescent operating 
voltages (zero output offset voltage) at the output terminals. 


Noise Figure 


The ratio of the total noise power of the device and a 
resistive signal source to the noise power of the signal 
source alone, the signal source representing a generator of 
zero impedance in series with the source resistance. 


Power Gain 


The ratio of the signal power developed at the output of the 
device to the signal power applied to the input, expressed in 
cB. 


Quiescent Operating Current 


The average (dc) value of the current in either output termi- 
nal. 


Voltage Gain 


The ratio of the change in output voltage at either output 
terminal with respect to ground, to a change in input voltage 
at either input terminal with respect to ground, with the other 
input terminal at ac ground. 
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MHARRIS CA3049, CA3102 


SEMICONDUCTOR 


Dual High Frequency Differential Amplifiers 


March 1993 For Low Power Applications Up to 500MHz 

Features Description 

¢ Power Gain 23dB (Typ) ............eeeeee- 200MHz The CA3049T and CA3102* consist of two independent 

differential amplifiers with associated constant current 

Noise Figure 4.606 (Typ). .-.-----++++--++- OOM transistors on a common monolithic substrate. The six tran- 

e Two Differential Amplifiers on a Common Substrate sistors which comprise the amplifiers are general purpose 

devices which exhibit low 1/F noise and a value of fr in 

* Independently Accessible Inputs and Outputs excess of 1GHz. These feature make the CA3049T and 

¢ Full Military Temperature Range .... -55°C to +125°C CA3102 useful from DC to 500MHz. Bias and load resistors 

have been omitted to provide maximum application flexibility. 

Applications The monolithic construction of the CA3049T and CA3102 


° VHE Amolifiers provides close electrical and thermal matching of the 
P amplifiers. This feature makes these devices particularly 
e VHF Mixers useful in dual channel applications where matched 


erformance of the two channels is required. 
e Multifunction Combinations - RF/Mixer/Oscillator; P sea wen shame: 
Converter/IF The CA3102 is like the CA3049T except that it has a 


separate substrate connection for greater design flexibility. 
e IF Amplifiers (Differential and/or Cascode) P 9 9 ¥ 
* Formerly Developmental No. TA6228. 
e Product Detectors 


¢ Doubly Balanced Modulators and Demodulators Ordering Information 


(ae [SS] nee 
NUMBER RANGE 
Grau 


* Denotes Tape and Reel 


e Balanced Quadrature Detectors 
e Cascade Limiters 


¢ Synchronous Detectors 


Balanced Mixers 


Synthesizers 
Balanced (Push-Pull) Cascode Amplifiers 


¢ Sense Amplifiers 


DIFFERENTIAL 
AMPLIFIERS 


Pinouts 
CA3102 CA3049 
(PDIP, SOIC) (TO-5 CAN) 
TOP VIEW TOP VIEW 
SUBSTRATE 
AND CASE 
SUBSTRATE 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 61 1.2 
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Specifications CA3049, CA3102 


Absolute Maximum Ratings (T, = +25°C) 


Collector-to-Emitter Voltage, VoeQ. 1... cece eee eee teens 15V 
Collector-to-Base Voltage, Vogo... 1... ee eee cee eee eee 20V 
Collector-to-Substrate Voltage, Vojg (Note 1)..............- 20V 
Emitter-to-Base Voltage, Vegg .....- see e cece cece cee ceees 5V 
CONG LMI Ait 9 Sas ac cig cco haus kinins wane dices 50mA 
Power Dissipation 
Any One Transistor (CA3049T and CA3102) .......... 300mW 
Total Package 
CASORET bP SG. Vda eee TEES 600mW 
CAS TORE HG. SSS VOCE. ee | BOP ea 750mW 
For Ta > +55°C 
CAQOAGT icici. 65 wes beats oats Derate Linearly 5.0mW/C 
SOs ss ear eie < nce co SEP owes Derate Linearly 6.67mW/C 
CTI FOTN ain s ow beagle wip 4 V's csstaveys «he's +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


Operating Conditions 


Operating Temperature Range ............. -55°C < Ty s +125°C 
Storage Temperature Range............... ~65°C < Ty $ +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C 


PARAMETERS 


STATIC CHARACTERISTICS 
For Each Differential Amplifier 


Temperature Coefficient 
Magnitude of Input Offset 
Voltage 


For Each Transistor 


DC Forward Base-to-Emitter 
Voltage (Figure 6) 


Temperature Coefficient of 
Base-to-Emitter Voltage 
(Figure 6) 


AT 
Collector Cutoff Current lcpo }=—s | Veg = 10V, Ie = 0 
(Figure 7) 


Collector-to-Base Breakdown 
Voltage 


Collector-to-Substrate 
Breakdown Voltage 


Emitter-to-Base Breakdown 
Voltage 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(Figure 8) 


Collector-Substrate 
Capacitance (Figure 8) 


TEST 
SYMBOL CONDITIONS 


Collector-to-Emitter Breakdown V(BR)CEO lo = 1mA, Ip = 
Voltage 
Vipryceo | 'c = 10pA, le = 0 


1/f Noise Figure (For Single NF f = 100kKHz, Rg = 5009, 
Transistor) (Figure 12) lo = imA 
Gain Bandwidth Product (For fr Voge = 6V, Ip = 5mMA 
Single Transistor) (Figure 11) 
ek Se eee ee 
Moneta eee RES 


LIMITS CA3049 
TYP 


LIMITS CA3102 


TYP UNIT 


0.25 
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Specifications CA3049, CA3102 


Electrical Specifications T, = +25°C (Continued) 


PARAMETERS SYMBOL 


DYNAMIC CHARACTERISTICS (Continued) 
For Each Differential Amplifier 


Common Mode Rejection Ratio | CMRR j|lz;=lg=2mA 


Bias Voltage = -6V 


Bias Voltage = -4.2V, 


AGC Range, One Stage 
(Figure 2) 

Voltage Gain, Single-Ended 
Output (Figures 2, 9, 10) f = 10MHz 
Insertion Power Gain (Figure 3) 
Noise Figure (Figure 3) 


Configuration 
Input Admittance 


Ig = Ig = 2mA. Cascode (Fig- 

For Diff. Amp. | ures 14, 16, 18) 
Confiugration | Diff. Amp. (Fig- 
Is=lg=4mMA | ures 15, 17, 19) 


eee 
Reverse Transfer Admittance ner Cascode 


Neer 


we 

J ° ~S 
+ 

he) <a 

N : NI 

po ou 


o 
=& 
CG © 

+ 


f = 200MHz 


o|s 
o 
7 


Diff. Amp. 


Belge 
aries 
So 
E> 


S 
= 


Bx 
~ © 


Forward Transfer 
Admittance 


Cascode (Fig- 
ures 26, 28, 30) 
Diff. Amp. (Fig- 
ures 27, 29, 31) 
Cascode (Fig- 
ures 20, 22, 24) 
Diff. Amp. (Fig- 
ures 21, 23, 25) 


= 
oo 


Output Admittance 


= 
=} 
NI 


S 
2?) 


NOTES: 


1. The collector of each transistor of the CA3049T and CA3102 is isolated from the substrate by an integral diode. The substrate (Terminal 
9) must be connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal 
transistor action. 


2. Terminals 1 and 14 or 7 and 8 (CA3102). Terminals 1 and 12 or 6 and 7 (CA3049T) 
3. Terminals 13 and 4 or 6 and 11 (CA3102). Terminals 10 and 11 or 4 and 5 (CA3049T) 


DIFFERENTIAL 
AMPLIFIERS 


Schematic Diagrams 
CA3102E, CA3102M CA3049T 


SUBSTRATE SUBSTRATE 
AND CASE 
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CA3049, CA3102 


Test Circuits 


V+ (+6V) 


V- (-6V) 
FIGURE 1. STATIC CHARACTERISTICS TEST CIRCUIT FOR FIGURE 2. AGC RANGE AND VOLTAGE GAIN TEST CIRCUIT 
CA3102 FOR CA3102 
1/2 CA3049T 
12(6) or CA3102 
"ewww wwnawawwwwwwwewwTwTwawTwTawewwwwtwTT ZT eeee A 


SUBSTRATE 


iit, Cerin Dee, ne ne ln 


11 (5) 
13 (6 
S.6pF [13 (6)] 2.7pF 
sai OUTPUT 
Rg = 500 m 6V th 5pF Co i epie 
ci alee le 
= as = = 0.001 pF = 
0.001,F 
0.001 pF oko 1kQ @ 0.001 pF 
oh ate FERRITE _» © 
nel ee BEADS | 100pF NOTES: 
I ai a 5kQ s 1. Numbers in parentheses refer to other 
ae 2 See G half of the CA3049T or CA3102 
= =- = 470pF ¢ 2. Bracketed numbers refer toCA3102, un- 
bracketed numbers refer to CA3049T 


3. L,, L, - Approximately '/, Turn #18 
ease Tinned Copper Wire, 5/8” Diameter 
pes ig 4. C,, Co - 15pF Variable Capacitors 
= (Hammarlund, MAC-15; or Equivalent) 


+12V 


FIGURE 3. 200MHz CASCODE POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
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CA3049, CA3102 


Typical Performance Curves 


INPUT OFFSET VOLTAGE (mV) 


EMITTER CURRENT (mA) 
FIGURE 4. INPUT OFFSET VOLTAGE vs EMITTER CURRENT 


BASE-TO-EMITTER VOLTAGE (V) 


COLLECTOR CURRENT (mA) 


FIGURE 6. BASE-TO-EMITTER VOLTAGE vs COLLECTOR 
CURRENT 


CAPACITANCE (pF) 


TERMINALS 13 ‘AND 4; 6 AND 11 
ae es 
Ba an i i smn bol 


isa al el Ga one te 
9 9 4.6: £4.7..8 8. 10.11.-12:13. 14 
BIAS VOLTAGE (V) 


FIGURE 8. CAPACITANCE vs DC BIAS VOLTAGE 
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INPUT BIAS CURRENT (yA) 


ern’ 
c~=4 
P 
- 
"Ho 
ii 
B 
a 
é 


BZ 
aii 
ea 
7 
ee 
a 


1.0 10 
EMITTER CURRENT (mA) 
FIGURE 5. INPUT BIAS CURRENT vs EMITTER CURRENT 


COLLECTOR CUTOFF CURRENT (pA) 


DIFFERENTIAL 
AMPLIFIERS 


: 0 
AMBIENT TEMPERATURE (°C) 


FIGURE 7. COLLECTOR CUTOFF CURRENT vs 
TEMPERATURE 


Ta = +25°C 
V+ = 6V, V- = -6V 
f = 1kHz 


VOLTAGE GAIN (dB) 


. -2 
BIAS VOLTAGE ON TERMINALS 2 AND 10 (V) 
FIGURE 9. VOLTAGE GAIN vs DC BIAS VOLTAGE 


CA3049, CA3102 


Typical Performance Curves (Continued) 


taseore [UIT T UT T TTT 
Se 
at htt 
GME ees Se 

HEATH 
tT TT TNT 
PLE ETT TT 
LL UHE TU | HT 


100 


VOLTAGE GAIN (dB) 


emacs (MHz) 


FIGURE 10. VOLTAGE GAIN vs FREQUENCY 


Ta= +25°C 
30 Rsource = 500Q 


P| | AL tasone 
a 


20 


NOISE FIGURE (dB) 


a f = 100kHz st 
— oe 
mel iBaboncs 
Hae PA ©) 2 sore: moron ca oe es el 
0.1 1.0 
COLLECTOR CURRENT (mA) 


FIGURE 12. 1/f NOISE FIGURE vs COLLECTOR CURRENT 


CASCODE AMPLIFIER 
12V 


Vcc = 
Ig = Ig = 2mA 


Ta = +25°C 


INPUT CONDUCTANCE (g,1) (mmhos) 


FREQUENCY (MHz) 
FIGURE 14. INPUT ADMITTANCE (Y,,) vs FREQUENCY 


‘lok LEC 
a 58 2 eee 
Pulte ee a 
8 ew 
ere eee 
{pS RE Sask eee 
Fee 
JESS PS Ss a ey 
a ee er 
Se a 
2h Se ee ee ee 

i ia rs 


45 6 7 8 9 10 1112 13 14 
COLLECTOR CURRENT (mA) 


012 3 


FIGURE 11. GAIN BANDWIDTH PRODUCT vs COLLECTOR 


INPUT SUSCEPTANCE (b,;) (mmhos) 


CURRENT 


NOISE FIGURE (dB) 


|_| — ae 
itr 


0.01 0.1 1.0 
COLLECTOR CURRENT (mA) 


FIGURE 13. 1/f NOISE FIGURE vs COLLECTOR CURRENT 


DIFFERENTIAL AMPLIFIER 
Voc = 12V 


Ig zlg=4mA 
Ta = +25°C 


ia). 


INPUT CONDUCTANCE 
OR SUSCEPTANCE (b,}) ( 


FREQUENCY (MHz) 
FIGURE 15. INPUT ADMITTANCE (Y,;) vs FREQUENCY 


CA3049, CA3102 


Typical Performance Curves (Continued) 


CASCODE AMPLIFIER DIFFERENTIAL AMPLIFIER 
Ig =Ig=2mA Ig =lg=4mA 
f = 200MHz 3 f = 200MHz 
Co 
i: a 
OF Of 
<& Ze 
Ow i 2 
oO (6) 
34 >°9 
OZ az 
Z_ z= 
8h 88 
w Ow 
5 e 5 o 1 
Zo 23 
0 
0 10 
COLLECTOR SUPPLY VOLTAGE (V) COLLECTOR SUPPLY VOLTAGE (V) 
FIGURE 16. INPUT ADMITTANCE (Y,,) vs COLLECTOR SUPPLY FIGURE 17. INPUT ADMITTANCE (Y,,) vs COLLECTOR SUPPLY 
VOLTAGE VOLTAGE 
DIFFERENTIAL AMPLIFIER 
Veco =12V 
f = 200MHz 
Wc W 
Of SE 
as awe 
ee w 
ow 96 
2S Fa} 2 
oa ea 
oo. Oa 1 
Ow Ow «x 
EO 4 ao = 
2” 9 — 
a2 a= wz ul 
Zo =” Wu i 
oc nl 
ui & 
LS 
(| = < 
Q 
0 5 10 15 20 
EMITTER CURRENT (Iz OR lg) (mA) EMITTER CURRENT (I3 OR Ig) (mA) 


FIGURE 18. INPUT ADMITTANCE (Y,,) vs EMITTER CURRENT ‘FIGURE 19. INPUT ADMITTANCE (Y,,;) vs EMITTER CURRENT 


CASCODE AMPLIFIER 
Vec = 12V 
I3 = i =2mA 


w 3 ws 
Se ° = Ze? 
1 ee ee cE 
Ow -1 : Ow 
BS TAT NSC Be 
za -2 » ‘ ze 
ay \) oo 
ata} ‘ 56 eee eee 
a3 < WV, ag ° 
Com CT SAU 
oO <4 (e] 
HTT TP ELE MLE ‘1 
NSB E | A | | 
6 -2 
10 102 103 10 108 
FREQUENCY (MHz) po (MHz) 
FIGURE 20. OUTPUT ADMITTANCE (Y2.) vs FREQUENCY FIGURE 21. OUTPUT ADMITTANCE (Y.2.) vs FREQUENCY 
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CA3049, CA3102 


Typical Performance Curves (Continued) 


DIFFERENTIAL AMPLIFIER 
lg =lg = 4mA 

f = 200MHz 

Ta = +25°C 


OUTPUT CONDUCTANCE OR 
SUSCEPTANCE (mmhos) 
OUTPUT CONDUCTANCE OR 
SUSCEPTANCE (mmhos) 


0 10 20 30 40 0 10 20 30 40 
COLLECTOR SUPPLY VOLTAGE (V) COLLECTOR SUPPLY VOLTAGE (V) 
FIGURE 22. OUTPUT ADMITTANCE (Y22) vs COLLECTOR FIGURE 23. OUTPUT ADMITTANCE (Y22) vs COLLECTOR 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


DIFFERENTIAL AMPLIFIER 
Vec = 12V 

f = 200MHz 

Ta = +25°C 


CASCODE AMPLIFIER 
Voc = 12V 
f = 200MHz 


OUTPUT CONDUCTANCE OR 
SUSCEPTANCE (mmhos) 


OUTPUT CONDUCTANCE OR 
SUSCEPTANCE (mmhos) 


EMITTER CURRENT (I OR Ig) (mA) EMITTER CURRENT (Ig OR Ig) (mA) 
FIGURE 24. OUTPUT ADMITTANCE (Y2.) vs EMITTER CURRENT FIGURE 25. OUTPUT ADMITTANCE (Y,.) vs EMITTER CURRENT 


3 CASCODE AMPLIFIER| @ 
E60 Voc = 12V ‘ DIFFERENTIAL AMPLIFIER 
E Ig = Ig = 2mA | Hees © Voc = 12V 
W 50 Ta = +25°C w 5) Ig z=Ilg=4mA 
2 - Be Ta = +25°C 
@ 
E ao e 33 a | Vee 
2 o E 
ea 2 fe tL 
c 
20 peo ATH ine 
2) Z z st 21 
210 2 #9 BE) ||| Re eal 
; 2 fi [i TU bee hay: 
Q oc 
2 ° ze <& | i | 
Zac ty BT] ee ee 
re} ra 
2 LTT 
FREQUENCY (MHz) 
FREQUENCY (MHz) 
FIGURE 26. FORWARD TRANSFER ADMITTANCE (Y21) vs FIGURE 27. FORWARD TRANSFER ADMITTANCE (Y2;) vs 
FREQUENCY FREQUENCY 


CA3049, CA3102 


Typical Performance Curves (Continued) 


CASCODE AMPLIFIER 
Ig =lg=2mA DIFFERENTIAL AMPLIFIER 


Ig =lg=4mA 


f = 200MHz 


FORWARD TRANSFER CONDUCTANCE 
OR SUSCEPTANCE (mmhos) 
FORWARD TRANSFER CONDUCTANCE 
OR SUSCEPTANCE (mmhos) 


0 5 10 15 20 25 30 35 0 10 20 30 40 
COLLECTOR SUPPLY VOLTAGE (V) COLLECTOR SUPPLY VOLTAGE (V) 
FIGURE 28. FORWARD TRANSFER ADMITTANCE (Y2;) vs FIGURE 29. FORWARD TRANSFER ADMITTANCE (Y2;) vs 
COLLECTOR SUPPLY VOLTAGE COLLECTOR SUPPLY VOLTAGE 


50 


DIFFERENTIAL AMPLIFIER 
Voc = 12V 
40 fF ¢ = 200MHz 


CASCODE AMPLIFIER 


Voc = 12V 
f = 200MHz 


bo4 


OR SUSCEPTANCE (mmhos) 


FORWARD TRANSFER CONDUCTANCE 
OR SUSCEPTANCE (mmhos) 
AMPLIFIERS 


FORWARD TRANSFER CONDUCTANCE 


DIFFERENTIAL 


oS ee 


0 8 aos 16 
EMITTER CURRENT (Ig OR Ig) (mA) EMITTER CURRENT (I3 OR Ig) (mA) 


FIGURE 30. FORWARD TRANSFER ADMITTANCE (Y2;) vs FIGURE 31. FORWARD TRANSFER ADMITTANCE (Y2;) vs 
EMITTER CURRENT EMITTER CURRENT 
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FARRIS 


SEMICONDUCTOR 


CA3054 


Transistor Array - Dual Independent Differential Amp 
for Low Power Applications from DC to 120MHz 


ao 


March 1993 


Features 
e Two Differential Amplifiers on a Common Substrate 


e Independently Accessible Inputs and Outputs 


e Maximum Input Offset Voltage................. +5mV 
e Temperature Range.............+.0-- 0°C to +85°C 
Applications 


e Dual Sense Amplifiers 
e Dual Schmitt Triggers 


e Multifunction Combinations 
- RF/Mixer/Oscillator; Converter/IF 


IF Amplifiers (Differential and/or Cascode) 


Product Detectors 
e Doubly Balanced Modulators and Demodulators 


Balanced Quadrature Detectors 

e Cascade Limiters 

e¢ Synchronous Detectors 

e Pairs of Balanced Mixers 

e Synthesizer Mixers 

e¢ Balanced (Push-Pull) Cascode Amplifiers 


Pinout 


Description 


The CA3054 consists of two independent differentiai 
amplifiers with associated constant current transistors on a 
common monolithic substrate. The six n-p-n_ transistors 
which comprise the amplifiers are general purpose devices 
which exhibit low 1/f noise and a value of fr in excess of 
300MHz. These feature make the CA3054 useful from DC to 
120MHz. Bias and load resistors have been omitted to 
provide maximum application flexibility. 


The monolithic construction of the CA3054 provides close 
electrical and thermal matching of the amplifiers. This 
feature makes these devices particularly useful in dual 
channel applications where matched performance of the two 
channels is required. 


Ordering Information 


join |" | pscexce 
NUMBER RANGE 


* Denotes Tape and Reel 


CA3054 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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File Number 388.2 


Specifications CA3054 


Absolute Maximum Ratings (T, = +25°C) Operating Conditions 

Collector-to-Emitter Voltage, Vogg..... ee eee cee eee eens 15V Operating Temperature Range ............... 0°C < Ty s +85°C 
Collector-to-Base Voltage, Vopo....-.- eee cece eee eeeees 20V Storage Temperature Range............... ~65°C < Ty < +150°C 
Collector-to-Substrate Voltage, Voio (Note 1)..............- 20V 

Emitter-to-Base Voltage, Vegg .... 2 oc cece cece cc ccccveces 5V NOTE: 

Collector Gurrent losis reerey ea eerese eres 50mA 


1. Thecollector of each transistor of the CA3054 is isolated from the 


ie eet CSW Dis donc osx adie aed’ 300mW sigssambeg es ica cise ee sides Seale ue Oe counece’ 
THT tcc ae dc ot rede ere ee eet 750mW policies a wn Ge ‘g is os Regaive: tah ated mnipeises esses a 
Be OY”. 2 ER SaaS Baan Derate Linearly 6.67mW/C oe renee esis a releer Saneanns. Ane resis es 
NT TOWIIOPEMND . Bie dice de es AIG +175°C ee imal Peneator acvoe. Tha aes mneurd be malniakied ~ 
Junction Temperature (Plastic Package) ............... +150°C a sa Found by — nee: SURI, OG SADR 
Lead Temperature (Soldering 10 Sec.)................. +300°C 1 AVON RC EmTed COUN Petar arneure 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Maximum Voltage Ratings 


The following chart gives the range of voltages which can be applied to the terminals listed vertically with respect : 
to the terminals listed horizontally. For example, the voltage range of the vertical Terminal 2 with respect to Terminal Maximum 
4 is +15V to -5V. Current Ratings 


[13] [0-20 [Note 1] 5, 5 [Note 1] 15, 5] Noto [Noto 1] Noto 1|Note 7[Note 1 [Note 1 [Note 


[+1,-5 [Note 1] Note 1] Note 1|Note 1|Note 1 [Note 1 [Note 1 


* Terminal No. 10 of 
CA3054 is not used. 


oe 
[ee 
[2 
os 
ae 
Ese 
Ee 
Bee 
SS 
; 12 


NOTES: 


1. Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be 
safe if the specified limits between all other terminals are not exceeded. 


Electrical Specifications T, = +25°C 


PARAMETERS SYMBOL TEST CONDITIONS ae un 


STATIC CHARACTERISTICS 
For Each Differential Amplifier 


Vio 


Sita ediili! 
.08.f.2 [pA 
ges 


Ves = 8V, le(qs) = le(q4) = 2MA 


Quiescent Operating Current Ratio | c(Q1) Io(Q5) 
(Figure 5) or j 
C(Q2) C(Q6) 


Temperature Coefficient Magnitude of 
Input Offset Voltage (Figure 7) 
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AMPLIFIERS 


Specifications CA3054 


Electrical Specifications T, = +25°C (Continued) 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS 


For Each Transistor 
BE roast 


DC Forward Base-to-Emitter Voltage 
(Figure €) 
lo = 10MmA 


Vop = 3V, Ig = 1mA 


es 
E 


E 


S 


0.750 , 


ro) ro) 
co Ni 
Ss 
S| Sila 
ojo 
| & 

oO 

ro) 


Temperature Coefficient of Base-to- 
Emitter Voltage (Figure 6) 


Collector Cutoff Current (Figure 4) loBo Vop = 10V, Ir = 0 
Collector-to-Emitter Breakdown Voltage V(BR)CEO Io = 1mA, Ip = 0 
Collector-to-Base Breakdown Voltage V(BR)CBO Io = 10p/A, Ie = 0 


= 


> 

th | ca 
4) 
m 


i 
S 


Collector-to-Substrate Breakdown V(BR)cio Io = 10pA, Ig; = 0 
Voltage 

Emitter-to-Base Breakdown Voltage V(BR)EBO le = 10pA, Ip = 0 
DYNAMIC CHARACTERISTICS 

Common Mode Rejection Ratio for CMRR Voc = 12V, Veg = -6V, 
each Amplifier (Figures 1, 10) Vy = -3.3V, f = 1kHz 
AGC Range, One Stage AGC Vec = 12V, Veg = -6V, 7 
(Figures 2, 11) Vx = -3.3V, f = 1kHz 
Voltage Gain, Single Stage Double- Voc = 12V, Veg = -6V, 
Ended Output (Figures 2, 11) Vy = -3.3V, f = 1kHz 
AGC Range, Two Stage AGC Voc = 12V, Veg = -6V, 


(Figures 3, 12) 
Voltage Gain, Two Stage Double- 
Ended Output (Figures 3, 12) 


Low Frequency, Small Signal Equiva- 
lent Circuit Characteristics (for single 
transistor) 


Vy = -3.3V, f = 1kHz 


Veco = 12V, Vee = -6V, 
Vy = -3.3V, f = 1kHz 


f = 1kHz, Vog = 3V, Io = 1mA 


Voce = 3V, lo =3mA 


Forward Current Transfer Ratio 
(Figure 13) 


Short Circuit Input Impedance 
(Figure 13) 
Open Circuit Output Impedance 
(Figure 13) 


Open Circuit Reverse Voltage 
Transfer Ratio (Figure 13) 


> 
nA 
m 


ELBSERRIEE NE: 


1.8x 10% 


1/f Noise Figure for Single N 


Transistor 


Gain Bandwidth Product for Single 
Transistor (Figure 14) 


Admittance Characteristics; Differential 
Circuit Configuration (for each amplifier) 


Forward Transfer Admittance 
(Figure 15) 


Input Admittance (Figure 16) 


mE 
fr 


Yo Vog = 3V, f= 1MHz -20 + j0 
Each Collector Io ~ 1.25mA 


Ves = 3V, f= 1MHz 
Each Collector Io = 1.25mA 


Vop = 3V, f= 1MHz 
Each Collector lo = 1.25mA 
Vos = 3V, f = 1MHz 
Each Collector Io = 1.25mA 


0.01 +j0 


Output Admittance (Figure 17) 


4 


Reverse Transfer Admittance Y 


(Figure 18) 


Yoo 
12 


-0.003 + 


ne Te 
S cs a 
ae 


Specifications CA3054 


Electrical Specifications T, = +25°C (Continued) 


PARAMETERS SYMBOL 
Y 
~ 
Y. 
Y 


Admittance Characteristics; Cascode 


Input Admittance (Figure 20) 


Output Admittance (Figure 21) 


Circuit Configuration (for each amplifier) 
Forward Transfer Admittance 
(Figure 19) 


Reverse Transfer Admittance 
(Figure 22) 


TEST CONDITIONS 


Vos = OV, f = 1MHz 
Total Stage Ip = 2.5 mA 
Vog = 3V, f = IMHz 
Total Stage Ip = 2.5 MA 
Vog = 3V, f = MHz 
Total Stage Io =~ 2.5 mA 


21 
11 
22 
12 Vos = 3V, f = 1MHz 
Total Stage Io = 2.5 mA 
NF 


[nF r= room 


Noise Figure 


Test Circuits 


Voc = Voc be 
Vx 412V Vx 412V 


Vin = 0.3Vans Vin =10MVays 


neh 

(=) 
= 

un 


SIGNAL 
SOURCE 


Zn 

ui i 

ui B 

ad VeeE= Vec= seg Vee= Vec= u. = 
aay sev a VY +12V a 


FIGURE 1. COMMON MODE REJECTION RATIO TEST SETUP FIGURE 2. SINGLE STAGE VOLTAGE GAIN TEST SETUP 


Veco = +12V 
1pF * 


Vin =1MVams 05kQ = 


1kQ 


= 1pF Vec = 4+12V 


FIGURE 3. TWO STAGE VOLTAGE GAIN TEST SETUP 
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CA3054 


Typical Performance Curves 


< 
is 
= g Se Se 
Ww 
& eee ain eg.) ota AHH 
: Se oe Ha 
ir amen koto > 
re) Se 0 18 
5 SL eee < memes PI 
Oo ea teeanmenrs ert! 
5 . “fae 
5 a aes Ee 
: = ears 
© 
0 25 50 75 100 125 
AMBIENT TEMPERATURE (°C)* LaF I 2 eS 
* For CA3054 use data from 0°C to +85°C only oo 
FIGURE 4. COLLECTOR-TO-BASE CUTOFF CURRENT vs FIGURE 5. INPUT BIAS CURRENT vs COLLECTOR CURRENT 
TEMPERATURE FOR EACH TRANSISTOR FOR EACH TRANSISTOR 
= 
G S 
< E 
Fe) wy 
z 2 
i 5 
: 8 
- 
3 Wu 
: : 
W 
< 
m 
“78 80 25 0 25 50 75 100 125 75 60 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) * AMBIENT TEMPERATURE (°C) * 
* For CA3054 use data from 0°C to +85°C only * For CA3054 use data from 0°C to +85°C only 
FIGURE 6. BASE-TO-EMITTER VOLTAGE FOR EACH FIGURE 7. OFFSET VOLTAGE vs TEMPERATURE FOR 
TRANSISTOR vs TEMPERATURE DIFFERENTIAL PAIRS 
0.8 4 
Ce eee 
Ta = +25°C _. A 3 
E Ht ee 
g 0.7 ~ at 3 g 3 
= pies” Ail 
9 oS red ote aE 
/ ww ec Be eS 
7 cS mae! E g 2 ae | 
© 0.6 2 F be 
: HH Hut gg mt 
3 ee: aed 
e LLOICLIICIAT bE 
> ” ioe BE 
Ww Os a 5 
< A re) a. ad 
se Vio = |Vpes - Veo! S 2 
Sean pent (aaiey eaeanteeae eaqemnainndinns Gai a 
Cet nl tt : 
0.4 0 
0.01 10 
saad CURRENT er ie py = 
FIGURE 8. STATIC BASE-TO-EMITTER VOLTAGE AND INPUT FIGURE 9. INPUT OFFSET CURRENT FOR MATCHED DIFFER- 
OFFSET VOLTAGE FOR DIFFERENTIAL PAIRS vs ENTIAL PAIRS vs COLLECTOR CURRENT 
EMITTER CURRENT 
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CA3054 


Typical Performance Curves (Continued) 


Voc = 12V 
Veg = -6V 


f= 1kHz 
SIGNAL INPUT = 1 OmVams 


COMMON MODE REJECTION RATIO (dB) 
SINGLE STAGE VOLTAGE GAIN (dB) 


“1 2 | 4 0 “1 -2 3 -4 5 4 7 
BIAS VOLTAGE ON TERMINAL 11 (V) BIAS VOLTAGE ON TERMINAL 11 (V) 


FIGURE 10. COMMON MODE REJECTION RATIOCHARACTERISTIC FIGURE 11. SINGLE STAGE VOLTAGE GAIN CHARACTERISTIC 


hee = 110 

hig = 3.5kQ AT 
hp = 1.88 x 104/ 1mA 
8 = 15. psnia 


NORMALIZED h PARAMETERS 


TWO STAGE VOLTAGE GAIN (dB) 


AMPLIFIERS 


BIAS VOLTAGE ON TERMINALS 3 AND 11 (V) COLLECTOR CURRENT (mA) 
FIGURE 12. TWO STAGE VOLTAGE GAIN CHARACTERISTIC —_ FIGURE 13. FORWARD CURRENT TRANSFER RATIO (hee), 
SHORT CIRCUIT INPUT IMPEDANCE (hy), OPEN 
CIRCUIT OUTPUT IMPEDANCE (hog), AND OPEN 
CIRCUIT REVERSE VOLTAGE TRANSFER RATIO 
(npg) vs COLLECTOR CURRENT FOR EACH TRAN- 
SISTOR 


DIFFERENTIAL 


DIFFERENTIAL CONFIGURATION 
Ic (EACH TRANSISTOR) = 1.25mA 
Vop = 3V 

Ta = +25°C 


itt Letts 
Ce TL et 
ee ia 1 ES 
So ree 


PPEELCPPELELLU 
Lot Lit Cri 
0123 45 6 7 8 9 10 11 12 1314 0.1 1.0 10 100 
COLLECTOR CURRENT (mA) FREQUENCY (MHz) 
FIGURE 14. GAIN BANDWIDTH PRODUCT (f;) vs COLLECTOR FIGURE 15. FORWARD TRANSFER ADMITTANCE (Y.;) vs 
CURRENT FREQUENCY 


GAIN BANDWIDTH PRODUCT (MHz) 
FORWARD TRANSFER SUSCEPTANCE 
OR CONDUCTANCE (mmhos) 
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CA3054 


Typical Performance Curves (Continued) 


DIFFERENTIAL CONFIGURATION 


DIFFERENTIAL CONFIGURATION 
Ic (EACH TRANSISTOR) = 1.25mA ol 
Veg = 3V 3 lc age TRANSISTOR) = 1.25mA z 
pe = <= = <£ 
5 $ Salt 3 Ta = +25°C 3 
OE aE = E 
ZE / 3) 3) 
Fw a < 
we = - 
$3 5 i 
Qe ra Oo 
22 z ” 
> re =) 
-O oO ” 
2Zz i 
a6 = 5 
=O a. a 
5 5 
ro) 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 16. INPUT ADMITTANCE (Y,,) FIGURE 17. OUTPUT ADMITTANCE (Y22) vs FREQUENCY 
= “i 
£ 10 | DIFFERENTIAL CONFIGURATION aay 8 6 an 
Vop = 3V £ O ki 
£ Ic (EACH TRANSISTOR) = 1.25mA s 2z Farol iin ol cra ol 
Biri 10 8 Fe. | ee 
< < Bt CASCODE CONFIGURATION 
) a Z€E Ic (STAGE) = 2.5mA 
po | ore 
oo as H 10 3 Sy 4 Vcp = 3V 
5 7a Ty | TT} > Ta = +25°C 
. ry a | CU 20 
ne i rT Zui 
u 0.01 FE HH 4 ir Zo 
er me om ” 
3 rn J a = g20 
E nk at, EE 
im 9.001 = 4 Hol GE -20 
ee 48 2G 27s a be a) Oo 
> ie Pit | rT ee 
0.1 1 10 100 1000 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 18. REVERSE TRANSFER ADMITTANCE (Y,,) vs FIGURE 19. FORWARD TRANSFER ADMITTANCE (Y,;) vs 
FREQUENCY FREQUENCY 
6 = Ee 
53 ze Sr, 
o$ ie: 
°o 5 ® > - 
#—| 2 
Ch ig i zi, ee, Se 
aE, iH gY 
59 a Ww 4 | CASCODE CONFIGURATION |_| | IW] | 2 
Oz i 898) z Ic (STAGE) = 2.5mA pies cock Oe, ES 
Ohi ane Fg | Voo=3V a ae 
ES “ er Fas LY Sed th SRA Ge 7,55 $s 
Ss HU be oj Med EE BE SS eae ia Se es SOS 
ba Si zea 6S 
1 ia Hy ie ar Tar rn) 6s 
aiid 5 fete} tT tt 
_ Poy mond eat Gia coat eee coe Ooo a Ro 
: 0.1 1 10 100 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 20. INPUT ADMITTANCE (Y,,) vs FREQUENCY FIGURE 21. OUTPUT ADMITTANCE (Y22) vs FREQUENCY 
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CA3054 


Typical Performance Curves (Continued) 
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TRANSISTOR AND DIODE ARRAYS 


eae RUE Son acs Sash ae ca hips sa tb ies.c pie ac Seis pe Sak we cm ele ou came A cep 8 LBRO GET} 6-2 


TRANSISTOR AND DIODE ARRAY DATA SHEETS 


CA3018 RCW E a Carn TTY Ie re al a i oe o Vek aa be wey a wep acoebas 6-5 

CA3039 co LE EROS Saree ee OE re! AE ae Oe ee PRR TS AE eR RE REIT ae ae 6-11 

CA3045, General Purpose N-P-N Transistor ArrayS......... 0... ccc ccc cece eee reece eeeaee 6-15 

CA3046 

CA3081, General Purpose High Current N-P-N Transistor Arrays ......... 0... cece eee eee ee eee 6-21 

CA3082 

CA3083 General Purpose High Current N-P-N Transistor Array ........... 0... cece ee eee eee eee 6-24 

CA3086 SOarieral PUTCORe TENN TRTIBIGIOTSAITOY | nc cc cas ce cis oe css decesccecvreceseveades 6-28 

CA3096 NePoNPeN = Tener AITO... so. SPOR NG ek cae banc vans cenbaescugucs 6-33 

CA3127 High Frequency NeP-N TransistofArray.i. .. Fic SPURL AVIREDE POE SS 6-46 
Q 

CA3141 High-Voltage Diode Array For Commercial, Industrial & Military Applications ............. 6-52 = Y 

< 

CA3146, High-Voltage Transistor Arrays. 0S... ee ES oo. es OU IEIT WRboeUatiy ay] 6-55 3 & 

CA3183 5 < 
= Ll 

CA3227, High-Frequency N-P-N Transistor Arrays For Low-Power Applications at 2 a 

CA3246 BWW LOIN UIE cose) SS 2b As pee kd Se seeds Pere eo a's te sk sneaked 6-65 P! a 
ie 

HFA3046, Ultra High Frequency Transistor Array .............0.. 0.0 ccc cece ete e eee e eens 6-70 

HFA3096, 

HFA3127, 

HFA3128 


NOTE: Bold Type Designates a New Product from Harris. 


Selection Guide 


TRANSISTOR ARRAYS 
Electrical Characteristics T, = +25°C 


DESCRIPTION 


CA3018 Two Isolated Transistors Plus a 


baud Darlington Pair 
CA3018A 


VBR) CEO 
(MIN) V 


hee matched +10%. Vee matched t2mV and +5mV max. 
Operation from DC to 120MHz 
CA3045 Three Transistors Plus a Differen- ee ee ae 14D, 14F 


tial Pair eae 
fy > 300MHz. 2 matched pairs t5mV 


rent Transistors 16M 
16M 
16M 


CA3083 
Five independent transistors. Q, and Q2 matched; lic (at 1mA) 
2.5A Maximum 
CA3086 Three Isolated Transistors plus a 14E, 14F, 
Differential Pair 14M 


16M 


CA3146 Three Transistors Plus a Differen- 14E, 14M 
tial Pair 
CA3146A 
High-voltage versions of CA3083 Transistors 
Q, and Q, matched at i1mA. 


CA3183A 
CA3227 


CA3246 Three Independent Transistors 
Plus a Differential Pair 
ft = 3GHz Typ. Operation from DC to 1.5GHz. 


NOTE: 
1. See Packaging Information Section of this catalog. 


Five Independent Transistors 
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Selection Guide 


TRANSISTOR ARRAYS (Continued) 
Electrical Characteristics T, = +25°C 


(NOTE 1) 
V(BR) CEO VBR) CBO 
(MIN) V (MIN) V Nee (MIN) Ic (MAX) 
TYPE DESCRIPTION n-p-n/p-n-p n-p-n/p-n-p n-p-n/p-n-p n-p-n/p-n-p 


CA3096 Five Independent Transistors, 150/20 50/-10 
3 n-p-n, 2 p-n-p 
CA3096A 45/-40 150/20 50/-10 


Iljol = 0.64A Max 0.25A Max 
Plus an NPN Differential Pair 


Viol = 5mV Max 

HFA3096 Three 8GHz NPN Transistors 

Plus Two 5.5GHz PNP Transis- 

tors 
HFA3127 Five Independent 8GHz NPN 

Transistors 

Five Independent 5.5GHz PNP 

Transistors 

NF = 1.70B at 1GHz 


NOTE: Bold Type Designates a New Product from Harris 


CA3096C 30/-24 100/15 50/-10 


DIODE ARRAYS 
Electrical Characteristics T, = +25°C. Apply for Each Diode 


(NOTE 1) 
PIN COUNT 
TYPE DESCRIPTION (MIN) V In (MAX) yA | Cp(TYP)pF | (MAX) mV TYPE 
CA3039 6 Individual ees Pee 5 (Ip =1mA) 12T,14M 
Ultra-fast low-capacitance matched diodes 


CA3141 10 High Reverse Breakdown Volt- 0.55 
age Diodes (Note 2) (typ. each 
diode pr.) 
¢ Low-Noise Performance 
¢ Low-Leakage Current 


NOTE: 
1. See Packaging Information Section of this catalog. 
2. Six connected to form 3 common-cathode pairs. Four connected to form 2 common-anode diode pairs. 
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TRANSISTOR AND 


DIODE ARRAYS 
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aD 
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CA3018 


General Purpose Transistor Arrays 


Features 


e Matched Monolithic General Purpose Transistors 


Description 


The CA3018 and CA3018A consist of four general purpose 
silicon n-p-n transistors on a common monolithic substrate. 


© Tie NIN 5556 56h a ewe aN Ce Ue eau o's ORE SS +10% 
<-Vc Mice Two of the four transistors are connected in the Darlington 
BE configuration. The substrate is connected to a separate 
PIO LB SES EEN Pee ES SRE MIR SG +2mMV terminal for maximum flexibility. 
ite MOE eg Ss Gooey eee ds 5 ps is pee eh a ea +5mV 


Operation From DC to 120MHz 
e Wide Operating Current Range 


¢ CA3018A Performance Characteristics Controlled 
from 10L.A to 10mA 


The transistors of the CA3018 and the CA3018A are well 
suited to a wide variety of applications in low power systems 
in the DC through VHF range. They may be used as discrete 
transistors in conventional circuits but in addition they 
provide the advantages of close electrical and thermal 
matching inherent in integrated circuit construction. 


e Low Noise Figure............. 3.2dB Typical at 1kHz The CA3018A is similar to the CA3018 but features tighter 
sans “ERO ‘ control of current gain, leakage, and offset parameters 
Bull Miltary Temperature Range ; .««)<65"C-to 4125°C making it suitable for more critical applications requiring 
i : premium performance. 
Applications 


¢ Two Isolated Transistors and a Darlington Connected 
Transistor Pair for Low Power Applications at 
Frequencies from DC through the VHF Range 


¢ Custom Designed Differential Amplifiers 


Temperature Compensated Amplifiers 
e See Application Note, AN5296 “Application of the 


Ordering Information 
PART 


TEMPERATURE 
NUMBER RANGE 
oe Ee 
CA3018A -55°C to +125°C 12 Pin CAN 


a 
CA3018 Integrated Circuit Transistor Array” for * % 
Suggested Applications « = 
On 
4 
Ow 
Pinout 2 Q 
CA3018, CA3018A rs ra) 
(TO-5 CAN) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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338.2 


File Number 


Specifications CA3018, CA3018A 


Absolute Maximum Ratings (T, = +25°C) Operating Conditions 
CA3018 CA3018A Operating Temperature Range............. -55°C < Ty < +125°C 

Collector-to-Emitter Voltage, Vogp........-.-. 15V 15V Storage Temperature Range............... ~65°C < Ty $ +150°C 
Collector-to-Base Voltage, Vogo....------+-s 20V 30V 
Collector-to-Substrate Voltage, Vojo (Note 1). ..20V 40V 
Emitter-to-Base Voltage, Vego.........--+-- 5V 5V 
CeO RAMMOU I gas wc cee es osteo 50mA 50mA 
Power Dissipation 

Pa rr NN oo on 'ans 6 cs sa. s.tlay s v'ns Oe 300mW 

MOLE PPRCKROS Ui. is SAINI is ee Oe bb 450mW 

Br oe as GIA. GCL TKEA Be AU ei Derate at 5mnW/°C 
GUMMY TITIOORDUNO (kb oec obo cee ob as avec genes +175°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C 


LIMITS 
CA3018 CA3018A 


3 
i 


© 
oO 
oO 
= 


PARAMETERS SYMBOL TEST CONDITIONS 


STATIC CHARACTERISTICS 


Collector Cutoff Current logo Vop = 10V, Ie = 0 
(Figure 1) 

Collector Cutoff Current lcEo Voce = 10V, Ip = 0 
(Figure 2) 

Collector Cutoff Current IcEoD Voge = 10V, Ip = 0 
Darlington Pair 

Collector-to-Emitter V(BR)CEO lo = 1mA, lp = 
Breakdown Voltage 

Collector-to-Base Breakdown V(BR)CBO le = 10pA, le =0 
Voltage 

Emitter-to-Base Breakdown V(BR)EBO le = 10pA, Ip = 0 
Voltage 

Collector-to-Substrate ViBrycio lo = 10pA, Io, = 0 
Breakdown Voltage 


Collector-to-Emitter Voces Ig = 1mA, lo = 10MA 
Saturation Voltage 
Static Forward Current Vce=3V J[lo=10MmA 
Transfer Ratio (Note 2) 
(Figure 3) 
Voe = 3V, 
ley = leo = 1imA 
Transfer Ratio Darlington Pair 
(Q3 and Q4) (Figure 4) 
Base-to-Emitter Voltage Vee 
(Figure 5) 


Input Offset Voltage | V 
(Figures 5, 7) 


> 


n 


-_ 
a! ~ 
vo} 


2° 
eo) 
N 


Magnitude of Static-Beta 
Ratio (Isolated Transistors Q, 
and Q,) (Figure 3) 


UEC COOBEEC Ee Sep 


Static Forward Current 


2 
8 
Nh 
=) 
So 


© ro) a! p 
Pe a) N a 
on bins hy © 


S 


olo 
ea} 
Sila 


oa 
2) 
S 
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Specifications CA3018, CA3018A 


Electrical Specifications T, = +25°C (Continued) 


PARAMETERS SYMBOL TEST CONDITIONS 
Temperature Coefficient: |AVB E| Vog = SV, Ie = 1MA 
Base-to-Emitter Voltage Q,, 
Q, (Figure 6) AT 
Base (Q3)-to-Emitter (Q4) VeeED (V9.1) 
Voltage Darlington Pair 

Vee = 3V, Ile = IMA 

AT 


LIMITS 


3 3 
< <i< < 


CA3018 CA3018A 


(Figure 8) 


Temperature Coefficient: 
Base-to-Emitter Voltage 

Darlington Pair (Q3 and Q4) 
(Figure 9) 


BEEEREE 
ERE EEREE 


Temperature Coefficient: Vee - VBE2| Voc = 6V, Veg = -6V, pVPC 
Magnitude of Input Offset aa areas loy =|log = 1MA 
Voltage & 


DYNAMIC CHARACTERISTICS 


Low Frequency Noise Figure F 


(Figures 10 - 12) 


f = 1kHz, Voce = OV, 


Io = 100A, Source 
Resistance = 1kQ 


. 


Low Frequency, Small Signal 
Equivalent Circuit Characteristics 


Forward Current Transfer 
Ratio (Figure 13) 


Short Circuit Input 


f = 1kHz, Vog = 3V, 
lo=1mA 


f= 1kHz, Vce = 3V, 


s 
- 
m 


Impedance (Figure 13) lo= 1mA 
Open Circuit Output f = 1KHZ, Vog = 3V, 
Impedance (Figure 13) lo=1mA 


Open Circuit Reverse 
Voltage Transfer Ratio 
(Figure 13) 


f = 1kHz, Voce = OV, 
lo= 1imA 


DIODE ARRAYS 


= 
3 
LE] [bales * 


TRANSISTOR AND 


So == 
— © Ot 
are & x 


Admittance Characteristics 
Forward Transfer Yre f = 1MHz, Vog = 3V, 
Admittance (Figure 14) Ilo = 1mA 
Input Admittance Yie f = 1MHz, Voge = 3V, 0.3 + mmho 
(Figure 15) lo=1mA j0.04 
Output Admittance Yor f = 1MHZ, Vog = 3V, 0.001 0.001 mmho 
(Figure 16) lo= 1mA +j0.03 +j0.03 


Reverse Transfer 
Admittance (Figure 17) 


Gain Bandwidth Product 
(Figure 18) 


YRE f = 1MHZ, Voge = 3V, See Figure 17 mmho 
lo= 1mMA 
fr Voce = 3V, lo = 3mA 


Cep Vep = 3V, le = () 


Emitter-to-Base Capacitance 


ie a 


Collector-to-Base Capacitance Cop Vop = 3V, Ip = 0 
Collector-to-Substrate Co; Voy = 3V, Ip = 0 p 
Capacitance 


NOTE: 


1. The collector of each transistor of the CA3018 and CA3018A is isolated from the substrate by an integral diode. The substrate (Terminal 
10) must be connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal 
transistor action. 


2. Actual forcing current is via the emitter for this test. 


CA3018, CA3018A 


Typical Performance Curves 


COLLECTOR CUTOFF CURRENT (nA) 


COLLECTOR CUTOFF CURRENT (nA) 


0 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
FIGURE 1. TYPICAL COLLECTOR-TO-BASE CUTOFF CURRENT FIGURE 2. TYPICAL COLLECTOR-TO-EMITTER CUTOFF 
vs TEMPERATURE CURRENT vs TEMPERATURE 


Ta= +25°C 


h h 
_FE1! on| FE2 


heey 


BETA RATIO 


FE2 


STATIC FORWARD CURRENT 
TRANSFER RATIO (heg) 


STATIC FORWARD CURRENT 
TRANSFER RATIO FOR DARLINGTON PAIR (heen) 
r= 
° 
°o 
°o 


ae 

Lo 

-& 

co 

Rare kal 

Lt | 
0 


0.1 1 1 
EMITTER CURRENT (mA) 
FIGURE 4. TYPICAL STATIC FORWARD CURRENT - TRANSFER 


RATIO FOR DARLINGTON CONNECTED 
TRANSISTORS Q; AND Q, vs EMITTER CURRENT 


EMITTER CURRENT (mA) 


FIGURE 3. TYPICAL STATIC FORWARD CURRENT TRANSFER 
RATIO AND BETA RATIO FOR TRANSISTORS Q, 
AND Q, vs EMITTER CURRENT 


Bat S 
eb ft LE ey Bene, 
s ee : sf 
rr et - 

oT | Q 
S 0.7 ~ 3 g 
Sot ieee | ie 
3 | Go fe) 
qaSe cil eileas ieee 
rr 0.6 LTT [ 2 ¢ ul 
eee 5 - 
2 es 
© a pa 
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= Vio = |Vee1 - Veea! oS | be a 

Sea Sat es sw 

0.4 0 
0.01 0.1 1.0 10 -75 -50 -25 0 25 50 75 100 125 


EMITTER CURRENT (mA) 


FIGURE 5. TYPICAL STATIC BASE-TO-EMITTER VOLTAGE 
CHARACTERISTIC AND INPUT OFFSET VOLTAGE 
FOR Q, AND Q, vs EMITTER CURRENT 


AMBIENT TEMPERATURE (°C) 


FIGURE 6. TYPICAL BASE-TO-EMITTER VOLTAGE 
CHARACTERISTIC FOR EACH TRANSISTOR vs 
TEMPERATURE 
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CA3018, CA3018A 


Typical Performance Curves (Continued) 


OFFSET VOLTAGE (mV) 
BASE-TO-EMITTER VOLTAGE 
FOR DARLINGTON PAIR (V) 


“75 -50 -25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) EMITTER CURRENT (mA) 


FIGURE 7. TYPICAL OFFSET VOLTAGE CHARACTERISTIC vs FIGURE 8. TYPICAL STATIC INPUT VOLTAGE CHARACTERISTIC 
TEMPERATURE FOR DARLINGTON PAIR (Q3 AND Q,) vs EMITTER 
CURRENT 


1.75 
1.50 


1.25 


BASE-TO-EMITTER VOLTAGE 
FOR DARLINGTON PAIR (V) 


NOISE FIGURE (dB) 


0.75 


“75 -50 -25 0 25 50 75 100 125 


FIGURES. TYPICAL STATICINPUT VOLTAGE CHARACTERISTIC FIGURE 10. NOISE FIGURE vs COLLECTOR CURRENT, Rg = 500Q 
FOR DARLINGTON PAIR (Q; AND Q,) vs 


TRANSISTOR AND 
DIODE ARRAYS 


TEMPERATURE 

Rg = 10002 

Ta = +25° Cc 
é ¢ 
w -— 
© x 
rT = 
c G 
Te 
uy w 
5 2 
= 4 

COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 


FIGURE 11. NOISE FIGURE vs COLLECTOR CURRENT, Rg=1kQ FIGURE 12. NOISE FIGURE vs COLLECTOR CURRENT, Rg = 10kQ 


CA3018, CA3018A 


Typical Performance Curves (Continued) 


100 228 TS, RE A, GED EE RAT Se 
Tee he, ptt 
hee = 110 
hye = 3.5kQ AT 


hpe = 1.88 x 104/ 1mA 
in = 15. xen tists 


— 


SY te 


SERS aot 


i a 


NORMALIZED h PARAMETERS 


COLLECTOR CURRENT (mA) 
FIGURE 13. h PARAMETERS vs COLLECTOR CURRENT 


COMMON EMITTER CIRCUIT, BASEINPUT | | || | 
Ta = 425°C, Veg = 3V, Io = 1mA 


INPUT CONDUCTANCE (gic) 
OR SUSCEPTANCE (bi) (mmhos) 
wo 


ais Ya AG A 8 
Soe aa 
a ie EO AB be 


; pee 
0.1 1 10 100 
FREQUENCY (MHz) 


FIGURE 15. INPUT ADMITTANCE (Yj¢) 


COMMON EMITTER CIRCUIT, BASE INPUT & ye 
Ta = +25°C, Vee = 3V, Ic = 1mMA bs ie 
| | gneISSMALLATFREQUENCIES | |_| 
ie a 


LESS THAN 500MHz 


REVERSE TRANSFER CONDUCTANCE (gre) 
OR SUSCEPTANCE (bp¢) (mmhos) 


FREQUENCY (MHz) 
FIGURE 17. REVERSE TRANSFER ADMITTANCE (Ype) 


COMMON EMITTER CIRCUIT, BASE INPUT | | || | 
Ta = +25°C, Voge = 3V, Ic = 1mA roe | 


SU ieea ete er SEED 


FORWARD TRANSFER CONDUCTANCE (gre) 
OR SUSCEPTANCE (bre) (mmhos) 

Ld 

o 
i ig 
en 
iit 
RB 
Bas 


1 10 100 
FREQUENCY (MHz) 


FIGURE 14. FORWARD TRANSFER ADMITTANCE (Yr) 


COMMON EMITTER CIRCUIT, BASE INPUT | ||| | 
Ta = +25°C, Vee = 3V, Ig = 1MA 


OUTPUT CONDUCTANCE (go¢) 
OR SUSCEPTANCE (bo¢) (mmhos) 


FREQUENCY (MHz) 
FIGURE 16. OUTPUT ADMITTANCE (Yo¢) 


Voge = 3V 
Taz +25°C 


GAIN BANDWIDTH PRODUCT (MHz) 


o 3 2: SG ST eae ae ia: 13 14 
COLLECTOR CURRENT (mA) 


FIGURE 18. TYPICAL GAIN BANDWIDTH PRODUCT (f;) vs 


COLLECTOR CURRENT 
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CA3039 


Diode Array 


Features 
e Six Matched Diodes on a Common Substrate 
e Excellent Reverse Recovery Time ins Typical 


e Matched Monolithic Construction 
- Ve Matched Within 5 mV 


e Low Diode Capacitance 
- Cp = 0.65pF Typical at Vp = -2V 


Applications 


e Ultra-Fast Low Capacitance Matched Diodes for 
Applications in Communications and Switching 
Systems 


e Balanced Modulators or Demodulators 
¢ Ring Modulators 

e High Speed Diode Gates 

e Analog Switches 


Description 


The CA3039 consists of six ultra-fast, low capacitance 
diodes on a common monolithic substrate. Integrated circuit 
construction assures excellent static and dynamic matching 
of the diodes, making the array extremely useful for a wide 
variety of applications in communication and switching sys- 
tems. 


Five of the diodes are independently accessible, the sixth 
shares a common terminal with the substrate. 


For applications such as balanced modulators or ring modu- 
lators where capacitive balance is important, the substrate 
should be returned to a DC potential which is significantly 
more negative (with respect to the active diodes) than the 
peak signal applied. 


Ordering Information 


-wimoen | “nance | pacrace 
NUMBER RANGE 


* Denotes Tape and Reel 


29 
Pinouts es < 
CA3039 CA3039 2 & 
(SOIC) (TO-5 CAN) Dia 
TOP VIEW TOP VIEW 20 
<2 
co 
Ke 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 


Specifications CA3039 


Absolute Maximum Ratings Operating Conditions 
Nwverse Voltage (PIV) for: Dy- Dg... cca cccersences 5V Operating Temperature Range ............. -55°C < Ty S$ +125°C 
2 Seren ree oe seer 0.5V Storage Temperature Range............... ~65°C < Ty < +150°C 
Diode-to-Substrate Voltage (Vp)) forD,-D; ........... +20V, -1V 
(Terminal 1, 4, 5, 8 or 12 to Terminal 10) 

ee ee Cn ccs 0 nob nc wm a 25mA 
Recurrent Forward Current (Ic) ....... 0. cee c cece cence 100mA 
Forward Surge Current (IF(surGe))--- ++ +++ eee eee eee ees 100mA 
Power Dissipation 

iy One: Mode tnitas iis. 5 5S OSS ES 100mW 

Totes on Devices). cieeeak 5 Ne ian SEI ik 600mW 

For tg > 4669s 6, in ics (A wald Rees Derate Linearly 5.7mW/C 
SUNRSTION TOT OPENIIG fo coi oie. a pewsekes ie wis aSeiin pe a aes +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)...............0. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C. Characteristics apply for each diode unit, Unless Otherwise Specified 


LIMITS 
PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Ve = V 


DC Forward Voltage Drop (Figure 1) 


0.73 
0.76 


0.78 
0.80 


Temperature Coefficient of Forward Drop 
(Figure 5) 


DC Forward Voltage Drop for Anode-to- lp = 1mMA 
Substrate Diode (Dg) 
[Dede Resitance Fares) «| 


NOTE: 
1. Magnitude of Diode Offset Voltage is the difference in DC Forward Voltage Drops of any two diode units. 


CA3039 


Typical Performance Curves 


z 
= ae 
S 
Ww 
<0. « 
z 3 
= ti 
z re) 
Oo , a 
ua Oo 
ra 
8 DIODE OFFSET (|Ve, — Veo] ) A 1 
0.5 SHH 


0.01 1 10 
Dc Be ae CURRENT (mA) 


FIGURE 1. DC FORWARD VOLTAGE DROP (ANY DIODE) AND 
DIODE OFFSET VOLTAGE vs DC FORWARD 
CURRENT 


DC REVERSE CURRENT (nA) 
° 


Qo 
oO 
-~- 


0.001 
-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 
FIGURE 3. DC REVERSE (LEAKAGE) CURRENT BETWEEN D,, 


D>, D3, Dy, D; AND SUBSTRATE vs TEMPERATURE 


= 
© 
< 
5 
re) 
> 
Qa 
oa 
: 
re) 
ive 
8 

76-80 2 6 OE 00 1s 

TEMPERATURE (°C) 
FIGURE 5. DC FORWARD VOLTAGE DROP (ANY DIODE) vs 
TEMPERATURE 
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DC REVERSE CURRENT (nA) 


TEMPERATURE (°C) 
FIGURE 2. DC REVERSE (LEAKAGE) CURRENT (0D, - 
TEMPERATURE 


Ds) vs 


DIODE OFFSET VOLTAGE (|V-, — Veo|) (mV) 


0.3 
16. 80-328 8 25 50 75 100 125 
TEMPERATURE (°C) 
FIGURE 4. DIODE OFFSET VOLTAGE (ANY DIODE) vs 
TEMPERATURE 


1000 es Se an ee a ae 


100 -——— 
: See PEG ed 8 
j eee 
EOS 
at sea ine ic Ga 
ee 
ey ie oe 
Sf See ee 
ath DC coinikins CURRENT ‘mnA) 
FIGURE 6. DIODE RESISTANCE (ANY DIODE) vs DC FORWARD 
CURRENT 


TRANSISTOR AND 


DIODE ARRAYS 


CA3039 


Typical Performance Curves (Continued) 


w 
g Z 
nA 
8 § 
< < 
= 3) 
2 wi 
< 
uw 15 
8 zB 
= F 
° 
ra] 
9 
Qa 
DC REVERSE VOLTAGE ACROSS DIODE (V) DC REVERSE VOLTAGE BETWEEN TERMINALS 1, 4, 5, 8, OR 12 


AND SUBSTRATE (TERMINAL 10) (V) 


FIGURE 7. DIODE CAPACITANCE (D, - D;) vs REVERSE VOLTAGE FIGURE 8. DIODE-TO-SUBSTRATE CAPACITANCE vs REVERSE 
VOLTAGE 
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FARRIS 


SEMICONDUCTOR 


GD 


March 1993 


CA3045, CA3046 


General Purpose N-P-N 
Transistor Arrays 


Features 


¢ Two Matched Transistors: Vge- Matched +5mV; Input 
Offset Current 2uA Max atic = imA 


5 General Purpose Monolithic Transistors 

¢ Operation From DC to 120MHz 

e Wide Operating Current Range 

¢ Low Noise Figure 3.2dB Typical at 1kHz 

Full Military Temperature Range -55°C to +125°C 


Applications 


e Three Isolated Transistors and One Differentially 
Connected Transistor Pair for Low Power Applications 
at Frequencies from DC Through the VHF Range 


e Custom Designed Differential Amplifiers 
e Temperature Compensated Amplifiers 
e See Application Note, AN5296 “Application of the 


Description 


The CA3045 and CA3046 each consist of five general 
purpose silicon n-p-n transistors on a common monolithic 
substrate. Two of the transistors are internally connected to 
form a differentially connected pair. 


The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems in the DC 
through VHF range. They may be used as discrete transis- 
tors in conventional circuits. However, in addition, they 
provide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
CA3045 -55°C to +125°C | 14 Lead Ceramic Sidebraze DIP 


CA3045F -55°C to +125°C | 14 Lead Ceramic DIP 


CA3046 -55°C to +125°C | 14 Lead Plastic DIP 


CA3046M -55°C to +125°C | 14 Lead SOIC 
CA3046M96 | -55°C to +125°C | 14 Lead SOIC* 


* Denotes Tape and Reel 


CA3018 Integrated-Circuit Transistor Array” for 
Suggested Applications 


Pinout 


CA3045, CA3046 
(PDIP, CDIP, SOIC) 
TOP VIEW 


TRANSISTOR AND 
DIODE ARRAYS 


DIFFERENTIAL 
PAIR 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications CA3045, CA3046 


Absolute Maximum Ratings (T, = +25°C) Operating Conditions 
Collector-to-Emitter Voltage (Vogo) .. 2... ee eee eee eee eeee 15V Operating Temperature Range ............. -55°C < Ta S$ +125°C 
Collector-to-Base Voltage (Vopo)...-. eee e cece ec cecceee 20V Storage Temperature Range................ -65°C < Ty < 150°C 
Collector-to-Substrate Voltage (Voi) (Note 1).............. 20V 
Emitter-to-Base Voltage (Vego) ........ 0. cee cee ce cee aeee 5V 
RINE CUNT sn cas sp ac oa eee ee 50mA 
Power Dissipation 
CA3045 Each Transistor Total Pkg. 
DAO Ta Oi Ors Se sc os coos oe a 300mW 750mW 
Above Ty =47S°O:ue. .dane. 400% Derate Linearly 8mW/°C 
CA3046, CA3045F Each Transistor Total Pkg. 
UID 10 Test 456°C acelin piace ar 300mW 750mW 
Above TF, = +55°C « o.. 5 s:g:0:) mnie Derate Linearly 6.67mW/°C 
SUNGHOM TOUMNOTRUNG oo bk es we bk bee Vee va cab ck. +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)..............00. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C, Characteristics apply for each transistor in CA3045 & CA3046 as specified. 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | 


STATIC CHARACTERISTICS 


[calecorto-Base Breakdown Volage | Vanco [e=TAQ=0 | 20 
[coteario-EniterBreatsown Votage | Venoeo |lc=imAig=0 | 18 
[ColecorioSubsvateBreakdownvatage | Vanco [lc=0iAla=0 | 20 | 00 
Emitter-to-Base Breakdown Voltage | Vermeno |le=1AIc=0... . | 8 |. 7 | 

eee 

haa 

eet 


lesa | | 100 
feat | | 


vee |vee=®”[erima [| ome | 
fe=tona | - | 0000 | — 


Magnitude of Input Offet Voltage for Differen- Voge = 3V, Io = IMA 0.45 
tial Pair |Vge, - Veco! (Note 2) (Figures 5, 7) 


Magnitude of Input Offset Voltage for Isolated 
Transistors Vees - Veea!, lVepeq - Veesl, 
IVpes - Veeg! (Note 2) ( Figures 5, 7) 


Static Forward Current Transfer Ratio (Static 
Beta) (Note 2) (Figure 3) 


Input Offset Current for Matched Pair Q, and 
Qo. Ilo; - liga! (Note 2) (Figure 4) 


Base-to-Emitter Voltage (Note 2) (Figure 5) 


Temperature Coefficient of Base-to-Emitter 
Voltage (Figure 6) 


Collector-to-Emitter Saturation Voltage 


Temperature Coefficient: Magnitude of Input 
Offset Voltage (Figure 7) 


Specifications CA3045, CA3046 


Electrical Specifications T, = +25°C, Characteristics apply for each transistor in CA3045 & CA3046 as specified. (Continued) 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN| TYP | MAX. UNITS 


DYNAMIC CHARACTERISTICS 


Low Frequency Noise Figure (Figure 9) NF f = 1KHz, Vog = 3V, Io = 100pA, 
Source Resistance = 1kQ 


Low Frequency, Small Signal Equivalent 
Circuit Characteristics 
Forward Current Transfer Ratio (Figure 11) hee f = 1KHZ, Voge = 3V, Io = IMA 


Short Circuit Input Impedance (Figure 11) ou wee f = 1kKHz, Vog = 3V, Io = 1mA Ppa] Bee dd eae 
Open Circuit Output Impedance (Figure 11) Peed | f = 1kKHZ, Voge = 3V, Io = 1MA Sve (ee A 


Open Circuit Reverse Voltage Transfer f = 1kKHZ, Voge = 3V, Io = 1MA 1.8 x 10% 
Ratio (Figure 11) 

Admittance Characteristics 
Forward Transfer Admittance (Figure 12) Yre f = 1KHZ, Vog = 3V, Io = 1MA 


Input Admittance (Figure 13) f = 1kHz, Vog = 3V, Io = 1MA iene 0.3 +j0.04 


Output Admittance (Figure 14) 0.001 + j0.03 


1. The collector of each transistor of the CA3045 and CA3046 is isolated from the substrate by an integral diode. The substrate (Terminal 
13) must be connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal 
transistor action. 


2. Actual forcing current is via the emitter for this test. 


Typical Performance Curves 


COLLECTOR CUTOFF CURRENT (nA) 
2 
COLLECTOR CUTOFF CURRENT (nA) 


102 10°! 
10% | 10% 
eee. 
104 Bee: See Se 102 
0 25 50 75 100 125 0 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
FIGURE 1. TYPICAL COLLECTOR-TO-BASE CUTOFF CURRENT FIGURE 2. TYPICAL COLLECTOR-TO-EMITTER CUTOFF 
vs TEMPERATURE FOR EACH TRANSISTOR CURRENT vs TEMPERATURE FOR EACH 
TRANSISTOR 


TRANSISTOR AND 
DIODE ARRAYS 


CA3045, CA3046 


Typical Performance Curves (Continued) 


120 


V 1.1 Piss ame Sai ae 
ce = 3V SRS Se SB 
reece || | [If! | [|| au a 
110 ; 7 
Pe i PH Te 
Wi a — 
c 100 . 1.0 es 
Fé PA a ie = 4.0 —o Ba 
ra) eo 2 2 c Ser ied wheat Aee as] 
= < 90 h < 3 Sed SA ASE as Oe ee ee: aS 
< FE1 
a 80 Nees 0.9 = ui Ee ies wee ale 
Oo ve 
29 eres yee eee Ge FS Bd 
Od 70 - : opt a oy 
EE 5 ah aa 
5 S Ss AUN AO AAA RN 
LLL ATT Seri at 
to Trt Ht 
0.01 
0.01 0.1 1.0 10 0.01 10 
EMITTER CURRENT (mA) COLLEDTOR cuaneuy. fen 
FIGURE 3. TYPICAL STATIC FORWARD CURRENT TRANSFER FIGURE 4. TYPICAL INPUT OFFSET CURRENT FOR MATCHED 
RATIO AND BETA RATIO FOR Q,; AND Q, vs TRANSISTOR PAIR Q,Q, vs COLLECTOR CURRENT 
EMITTER CURRENT 
S beatae 
Wy 3 E o 
< Ww < 
5 g a 
5 Sa 
ce 
uw > 
F Prac e 
i ie 
e cs 
“ y, se a 
< INPUT OFFSET VOLTAGE igus z a 
3 CFA Cor 
0.01 0.1 1.0 10 75 50 -25 0 25 50 75 100 125 
EMITTER CURRENT (mA) TEMPERATURE (°C) 
FIGURE 5. TYPICAL STATIC BASE-TO-EMITTER VOLTAGE FIGURE 6. TYPICAL BASE-TO-EMITTER VOLTAGE 
CHARACTERISTICS AND INPUT OFFSET VOLTAGE CHARACTERISTIC vs TEMPERATURE FOR EACH 
FOR DIFFERENTIAL PAIR AND PAIRED ISOLATED TRANSISTOR 


TRANSISTORS vs EMITTER CURRENT 


INPUT OFFSET VOLTAGE (mV) 
NOISE FIGURE (dB) 


75 -50 -2 0 25 50 75 100 125 
TEMPERATURE (°C) COLLECTOR CURRENT (mA) 
FIGURE 7. TYPICAL INPUT OFFSET VOLTAGE CHARACTERIS- FIGURE 8. TYPICAL NOISE FIGURE vs COLLECTOR CURRENT 
TICS FOR DIFFERENTIAL PAIR AND PAIRED 
ISOLATED TRANSISTORS vs TEMPERATURE 
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CA3045, CA3046 


Typical Performance Curves (Continued) 


NOISE FIGURE (dB) 
NOISE FIGURE (dB) 


# 
tej] 
hee = 110 aah ae 
” he = 3.5kQ ‘ AT 3 8 - 
: pe ihe ie RE yo ee 
3 ge i Se Ps 
< 2 ape Bs ie mel Se EL 
© ee Ss BS ee SS a BOE 
| Seton imeem etemeis ae. 
a Yo 
3 a aia ae OE 
5 os i 
ea ea os = BS OP OS 
P WECHE ee 
we 
0.01 0.1 1.0 10 hak 1 10 er . < 
COLLECTOR CURRENT (mA) FREQUENCY (MHz) O 
FIGURE 11. TYPICAL NORMALIZED FORWARD CURRENT FIGURE 12. TYPICAL FORWARD TRANSFER ADMITTANCE vs ns 
TRANSFER RATIO, SHORT CIRCUIT INPUT IMPED- FREQUENCY 20 
ANCE, OPEN CIRCUIT OUTPUT IMPEDANCE, AND <2 
OPEN CIRCUIT REVERSE VOLTAGE TRANSFER ily 


RATIO vs COLLECTOR CURRENT 


COMMON EMITTER CIRCUIT, BASE INPUT ets 
Ta= +25°C, Voge = 3V, Ic = 1MA 


COMMON EMITTER CIRCUIT, BASE INPUT | ||| | 
Ty = 425°C, Vog = 3V, Ic = 1mA eee 
ca 
j 


3 a3 
—2 (e) 
3 E SE aie OG Se a a ae 
Oa 4 oF, Be 
2a <i 
OH 3 38 
oO oz 3 

< < 
- S§ 
Es * es 
a2 — 
z 77) 5 ~” 

x 1 2 On eS oe 

ma ee a es en lS a ee 
hei eae i Se ae eae 
0.1 1 10 100 0.1 1 10 100 
FREQUENCY (MHz) FREQUENCY (MHz) 


FIGURE 13. TYPICAL INPUT ADMITTANCE vs FREQUENCY FIGURE 14. TYPICAL OUTPUT ADMITTANCE vs FREQUENCY 
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CA3045, CA3046 


Typical Performance Curves (Continued) 


OR SUSCEPTANCE (bre) (mmhos) 


REVERSE TRANSFER CONDUCTANCE (gpg) 


COMMON EMITTER CIRCUIT, BASEINPUT || 
Ta= +25°C, Vce = 3V, Ic = 1mA 2 
gne!$ SMALL ATFREQUENCIES || _ 
LESS THAN 500MHz fal 


FREQUENCY (MHz) 


FIGURE 15. TYPICAL REVERSE TRANSFER ADMITTANCE vs 
FREQUENCY 


GAIN BANDWIDTH PRODUCT (MHz) 
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FIGURE 16. TYPICAL GAIN BANDWIDTH PRODUCT vs 
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COLLECTOR CURRENT 


G@HARRIS CA3081, CA3082 


General Purpose High Current 


March 1993 N-P-N Transistor Arrays 
Features Description 
¢ CA3081 - Common Emitter Array CA3081 and CA3082 consist of seven high current (to 100mA) 


silicon n-p-n transistors on a common monolithic substrate. The 

CA3081 is connected in a common emitter configuration and the 

¢ Directly Drive Seven Segment Incandescent CA3082 is connected in a common collector configuration. 
Displays and Light Emitting Diode (LED) Display 


¢ CA3082 - Common Collector Array 


The CA3081 and CA3082 are capable of directly driving seven 
e 7 Transistors Permit a Wide Range of segment displays, and light emitting diode (LED) displays. These 
Applications in Either a Common Emitter types are also well suited for a variety of other drive applications, 
(CA3081) or Common Collector (CA3082) _ including relay control and thyristor firing. 
Configuration 


High I, 100mA Max 
e Low VcESAT (at 50mA) 0.4 Typ 


Ordering Information 


TEMPERATURE 
NUMBER RANGE PACKAGE 


A081 
CASOBIF 
CA3081M -55°C to +125°C 
CAS082 
CASO82F 
CASOEEM 


* Denotes Tape and Reel 


PART 


Applications 


¢ Drivers for 
- Incandescent Display Devices 
- LED Displays 
- Relay Control 
- Thyristor Firing 


Pinouts 


CA3081 CA3082 
COMMON EMITTER CONFIGURATION COMMON COLLECTOR CONFIGURATION 
(PDIP, CDIP, 150 mil SOIC) (PDIP, CDIP, 150 mil SOIC) 
TOP VIEW TOP VIEW 


Be. 


TRANSISTOR AND 
DIODE ARRAYS 


ji 


2 


SUBSTRATE SUBSTRATE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 480 2 
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Specifications CA3081, CA3082 


Absolute Maximum Ratings (T, = +25°C) Operating Conditions 
Collector-to-Emitter Voltage (Vogo) ... 22. cece cece eeccecee 16V Operating Temperature Range ............. “55°C < Ty < +125°C 
Collector-to-Base Voltage (Vogo)..-.-.- ee eeccecacccecce. 20V Storage Temperature Range............... -65°C < Ty < +150°C 
Collector-to-Substrate Voltage (Voip) (Note 1).............. 20V 
Emitter-to-Base Voltage (Vego) ...-. 0. eee cee eeeccceceecs 5V 
MIEN RAMOMMO MAY os Grdad cas bins cece svbdcasbuuu, 100mA 
RO I RE oak tse Oia ee dak Us Bie 20mA 
Power Dissipation 
a pe MN os a 6-4-5 inks woe os g FO 500mWwW 
SORE POCNIG Ba cis Hes mendes icine ae CROhaG. 750mW 
PROD Ta PO a 3 ons 6 psa Ko eve Derate Linearly 6.67mW/°C 
NGI: VON Oe ig n'a wockcgics v's.) hakbobews +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications For Equipment Design T, = +25°C 


PARAMETERS SYMBOL 


MIN 
[Collectorto-Base Breakdown Vollage | Vienyceo |= 500KKle=0 -+(| 20 
Collector-to-Substrate Breakdown Voltage weno, fen Sttetie=0 [ao 
Collector-to-Emitter Breakdown Voltage ViBR)CEO 


DC Forward Current Transfer Ratio Voce = 0.5V, Io = 30MA 4 180 5 | 
Voge = 0.8V, Ip = 50mA 70 


Base-to-Emitter Saturation Voltage (Figure 2) Io = 30mMA, Ip = 1MA 


TEST CONDITIONS 


24 


Collector-to-Emitter Saturation Voltage Voesat 
Io = 30mA, Ip = 1MA 0.27 


CA3081, CA3082 8 
CA3081 (Figure 3) Io = 50MA, Ip = 5mA ace 
CA3082 (Figure 3) Ic = 50MA, Ip = 5mA oes 

Collector Cutoff Current | Vee = 10V, Ip = 0 SE 


Collector Cutoff Current Vog = 10V, Ie = 0 


NOTE: 


1. The collector of each transistor of the CA3081 and CA3082 is isolated from the substrate by an integral diode. The substrate must be 
connected to a voltage which is more negative than any collector voltage in order to maintain isolation between transistors and provide 
normal transistor action. To avoid undesired coupling between transistors, the substrate terminal (5) should be maintained at either DC 
or signal (AC) ground. A suitable bypass capacitor can be used to establish a signal ground. 


Typical Performance Curves 


0.4 


#100 
he 


Ta= +25°C 
hee =10 


© 
=) 


0.9 


0.7 


DC FORWARD CURRENT TRANSFER RATIO ( 
N 
°o 

BASE-TO-EMITTER SATURATION VOLTAGE (V) 
° 
ro) 


0.6 
0.1 
COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 
FIGURE 1. DC FORWARD CURRENT TRANSFER RATIO vs FIGURE 2. BASE-TO-EMITTER SATURATION VOLTAGE vs 
COLLECTOR CURRENT COLLECTOR CURRENT 
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CA3081, CA3082 


Typical Performance Curves (Continued) 


COLLECTOR-TO-EMITTER SATURATION VOLTAGE (V) 


COLLECTOR CURRENT (mA) 


FIGURE 3. COLLECTOR-TO-EMITTER SATURATION VOLTAGE 
vs COLLECTOR CURRENT AT T, = +25°C 


Typical Read - Out Driver Applications 


V+ 


1 SEGMENT OF INCANDESCENT DISPLAY 
(DR2000 SERIES OR EQUIVALENT) 


1/7 CA3081 
(COMMON EMITTER) 


FROM 
DECODER 


FIGURE 5. SCHEMATIC DIAGRAM SHOWING ONE TRANSISTOR 
OF THE CA3081 DRIVING ONE SEGMENT OF AN 
INCANDESCENT DISPLAY 
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COLLECTOR-TO-EMITTER SATURATION VOLTAGE (V) 


COLLECTOR CURRENT (mA) 


FIGURE 4. COLLECTOR-TO-EMITTER SATURATION VOLTAGE 
vs COLLECTOR CURRENT AT Ty = +70°C 


V+ 


1/7 CA3082 
(COMMON COLLECTOR) 


Vp --- 
aks 


R* 


LIGHT EMITTING DIODE (LED) 
40736R 


= zo 
<< 
* The Resistance for R is determined by the relationship: 3 & 
_ 
ass Vp - Vee — Ve (LED) Diy 
= | (LED) z 3} 
x ra) 
R= OforV, = Vee +V_ (LED) 


Where: Vp = Input Pulse Voltage 
Ve = Forward Voltage Drop Across the Diode 


FIGURE6. SCHEMATIC DIAGRAM SHOWING ONE TRANSISTOR 
OF THE CA3082 DRIVING A LIGHT EMITTING DIODE 
(LED) 


FiARRIS 


SEMICONDUCTOR 


CA3083 


General Purpose High Current 


Go 


March 1993 N-P-N Transistor Array 
Features Description 
a, SARS Se Sena | Pee ec Srletart eeegegeseer | 100mA Max The CA3083 is a versatile array of five high current (to 
100mA) n-p-n transistors on a common monolithic substrate. 
© LOW Vee sat (at SOMA) ..-.. 2... e eee OV Max in addition, two of these transistors (Q; and Q.) are matched 
¢ Matched Pair (Q,; and Q,) at low current (i.e. 1mA) for applications in which offset 
= Vio (Vee Matched) ».................... +5mV Max Parameters are of special importance. 
P Mte TINA Sad co cin's Gest thay des ceases 2.5uA Max Independent connections for each transistor plus a separate 


¢ 5 Independent Transistors Plus Separate Substrate 
Connection 


Applications 


terminal for the substrate permit maximum flexibility in circuit 
design. 


Ordering Information 


¢ Signal Processing and Switching Systems Operating 
from DC to VHF 


PART TEMPERATURE 
NUMBER RANGE PACKAGE 
CA3083 -55°C to +125°C | 16 Lead Plastic DIP 
-55°C to +125°C | 16 Lead Ceramic DIP 


CA3083M96 | -55°C to +125°C | 16 Lead Narrow Body SOIC* 


* Denotes Tape and Reel 


e Lamp and Relay Driver 


Differential Amplifier 


Temperature Compensated Amplifier 


Thyristor Firing 


¢ See Application Note AN5296 “Applications of the 
CA3018 Circuit Transistor Array” for Suggested 


Applications 
Pinout 
CA3083 
(PDIP, CDIP 150mil SOIC) 
TOP VIEW 


SUBSTRATE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


File Number 481.2 
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Specifications CA3083 


Absolute Maximum Ratings (T, = +25°C) 


Operating Conditions 


The following ratings apply for each transistor in the device: Operating Temperature Range .............. -55°C < Ta S$ +125°C 
Collector-to-Emitter Voltage, Vogp..- eee ee cece cece ee eee 15V_ Storage Temperature Range............... -65°C < Ty < +150°C 
Collector-to-Base Voltage, Vopo..... cece eee cee eee eeee 20V 
Collector-to-Substrate Voltage, Voip (Note 1).............4. 20V 
Emitter-to-Base Voltage, Vegn ... 2... cece cece cece eee ceces 5V 
Cotecton-taurrent(ahiort rise. oP al Tet arse 100mA 
BOSCO OIN Gd os oid sb aisles Sete so dad oh dds coeds ce hec 20mA 
Power Dissipation 
ANY OOR HANSSON, «5 homie SOS EA ie Pains ibe ed 500mW 
Wiel Pegknge as Geis Peart oe ee 750mW 
ge <i te UR errs Mighin fet Oe Derate at 6.67mW/°C 
JUNCHON TEMDONAUINGE. «0 G6 Sas cd Phen ec cceet +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)...............5. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C. For Equipment Design 


PARAMETERS SYMBOL 


FOR EACH TRANSISTOR 
Viprycao | Ic = 100pA, Ip = 0 


V(BR)CEO lo = imA, lp = 0 15 


ene [itn x3 


Voge = 10V, Ip = 0 


TEST CONDITIONS 


a 


Collector-to-Base Breakdown Voltage 
Collector-to-Emitter Breakdown Voltage 


Collector-to-Substrate Breakdown Voltage 


Emitter-to-Base Breakdown Voltage 
Collector-Cutoff-Current 


Collector-Cutoff-Current Vop = 10V, Ie = 0 


DC Forward-Current Transfer Ratio (Note 2) (Figure 1) ae Voge = 3V 
Base-to-Emitter Voltage (Figure 2) Voge = 3V, Io = 10mA 
fr 


lo =10mA 


N 


| 


0.74 


0.40 0.70 


Collector-to-Emitter Saturation Voltage (Figures 3, 4) Io = 50mA, Ip = 5MA 
Gain Bandwidth Product a a Voge = 3V, Io = 10mA 


FOR TRANSISTORS Q1 AND Q2 (As a Differential Amplifier) 


NOTE: 


1. The collector of each transistor of the CA3083 is isolated from the substrate by an integral diode. The substrate must be connected to a 
voltage which is more negative than any collector voltage in order to maintain isolation between transistors and provide normal transistor 
action. To avoid undesired coupling between transistors, the substrate terminal (5) should be maintained at either DC or signal (AC) 
ground. A suitable bypass capacitor can be used to establish a signal ground. 


2. Actual forcing current is via the emitter for this test. 


450 


TRANSISTOR AND 


- 
ba | 


Absolute input Offset Voltage (Figure 6) 


Absolute Input Offset Current (Figure 7) 


le 
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DIODE ARRAYS 


CA3083 


Typical Performance Curves 


OLLVY YSISNVEL LNSYYND GYVMHOS 9G 


COLLECTOR CURRENT (mA) 


FIGURE 2. Voge vs Ic 


COLLECTOR CURRENT (mA) 


FIGURE 1. hee VS Ic 


Prspiereiciait) ls 


he 

a 

1 
COLLECTOR CURRENT (mA) 


N 


_ 


COLLECTOR CURRENT (mA) 
FIGURE 3. Voce sat VS Ic AT +25°C 
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FIGURE 4. Vee sat VS Ic AT +70°C 
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CONE 


mreniotanszsre | | | | | | 
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COLLECTOR CURRENT (mA) 


FIGURE 6. Vio vs Ic (TRANSISTORS Q1 AND Q2 AS A 


COLLECTOR CURRENT (mA) 
FIGURE 5. Vee sat VS Ie 


DIFFERENTIAL AMPLIFIER) 
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CA3083 


Typical Performance Curves (Continued) 


_ 
o 


ABSOLUTE INPUT OFFSET CURRENT (A) 


S 
-_ 


COLLECTOR CURRENT (mA) 
FIGURE 7. lo vs Ic (TRANSISTORS Q1 AND Q2 AS A DIFFERENTIAL AMPLIFIER) 


TRANSISTOR AND 
DIODE ARRAYS 
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See CA3086 


General Purpose N-P-N 
March 1993 Transistor Array 


Applications Description 


¢ Three Isolated Transistors and One Differentially Con- The CA3086 consists of five general-purpose silicon n-p-n 
nected Transistor Pair For Low-Power Applications transistors on a common monolithic substrate. Two of the 
from DC to 120 MHz transistors are internally connected to form a differentially 

connected pair. 


General-Purpose Use in Signal Processing Systems 
Operating in the DC to 190MHz Range The transistors of the CA3086 are well suited to a wide vari- 
ety of applications in low-power systems at frequencies from 
DC to 120MHz. They may be used as discrete transistors in 
e See Application Note, AN5296 “Application of the conventional circuits. However, they also provide the very 
CA3018 Integrated-Circuit Transistor Array” for Sug- significant inherent advantages unique to integrated circuits, 
gested Applications such as compactness, ease of physical handling and ther- 
mal matching. 


e Temperature Compensated Amplifiers 


Ordering Information 


jvc | “Maar | exccoe 
NUMBER RANGE 


* Denotes Tape and Reel 


Pinout 
CA3086 
(PDIP, CDIP, SOIC) 
TOP VIEW 
SUBSTRATE 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 483 2 


Copyright © Harris Corporation 1993 
opyrig is Corporation 6-28 


Specifications CA3086 


Absolute Maximum Ratings 
Power Dissipation 


PE I IO sag Ses 3s 0 +s 9 ot epee 300mW 
Total package up to Ty = +55°C .... 0... ee eee ee eee 750mW 
POOVG Ty ODS rcs sce s tigen Derate linearly 6.67 mw/C 
UNICO: TONING 5 oo-as o5-0 se 6's 0 Ga cw dade e ry eeeR +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 
The following ratings apply for each transistor in the device: 
Collector-to-Emitter Voltage, Vogo .. 6 ee eee eee ee eee 15V 
Collector-to-Base Voltage, Vogo....-- ee cece eee eee eees 20V 
Collector-to-Substrate Voltage, Voig (Note 1)............. 20V 
Emitter-to-Base Voltage, Vegg ... 1... cece ee eee ee ee eeee 5V 
ee ke ae ee es Se er eae ee rae 50mA 


Operating Conditions 


Ambient Temperature Range 
CONN ere ak ca os a eas -55°C to +125°C 
LL) Re eee eee ewee re are eee -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 1, = +25°C, For Equipment Design 


PARAMETERS 


SYMBOLS 


Collector-to-Emitter Breakdown Voltage 


CONDITIONS 


eaacare Siva treaown Yonge | Vaneo [t= la=o | 2 
Enmsuctonaomvm | Yona [ie=iOAic=o | 6 
enacerGact Coen Fame | tow [Veen tien | 
enacurGact Coen (Fame 2 | tsa [Verne | 


LIMITS 
| oe ae 
ff | SS 


TEST 


(Figure 2) 


_ 
_ ee 
i 
Maeno ee 
eo 
—— 


1. The collector of each transistor in the CA3086 is isolated from the substrate by an integral diode. The substrate (terminal 13) must be 
connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor 
action. To avoid undesirable coupling between transistors, the substrate (terminal 13) should be maintained at either DC or signal (AC) 
ground. A suitable bypass capacitor can be used to establish a signal ground. 


Electrical Specifications 1, = +25°C, Typical Values Intended Only for Design Guidance 


DC Forward-Current Transfer Ratio 
(Figure 3) 


Base-to-Emitter Voltage (Figure 4) 


Collector-to-Emitter 
Saturation Voltage 


Noise Figure (Low Frequency) 


(wee [ons | vsoonoe [SS | om 
PARAMETERS SYMBOLS TEST CONDITIONS VALUES UNITS 
| a 
Vee Veg = 3V le=1mA SS 
Vee Temperature Coefficient (Figure 5) 


NF f = 1kHz, Vog = 3V, Io = 100/A, 
Rs = 1kQ 
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TRANSISTOR AND 


DIODE ARRAYS 


Specifications CA3086 


Electrical Specifications T, = +25°C, Typical Values Intended Only for Design Guidance (Continued) 


TYPICAL 
PARAMETERS TEST CONDITIONS VALUES UNITS 


Low-Frequency, Small-Signal Equivalent- = 1KHZ,Vo¢ = 3V, Io = 1MA 
Circuit Characteristics: 


SYMBOLS 


Forward Current-Transfer Ratio 
(Figure 6) 


Short-Circuit Input Impedance 
(Figure 6) 


Open-Circuit Output Impedance 
(Figure 6) 


Open-Circuit Reverse-Voltage 
Transfer Ratio (Figure 6) 


Admittance Characteristics: 


Forward Transfer Admittance 
(Figure 7) 


Input Admittance (Figure 8) 


Output Admittance (Figure 9) 


0.001 + j0.03 


See Figure 10 


Reverse Transfer Admittance 
(Figure 10) 


(ee eer ae 
EN MePeeesce se 
ae me eee eee 
Men STE ete) 


\ 
\ 


COLLECTOR CUTOFF CURRENT (nA) 


) 


0 25 50 75 100 125 0 25 50 75 100 125 
TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
FIGURE 1. Ic¢go vs TEMPERATURE FIGURE 2. Icg9 vs TEMPERATURE 
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CA3086 


Typical Static Characteristics for Each Transistor (continued) 


120 


Voce = 3V 
Ta = +25°C 


110 


100 


STATIC FORWARD CURRENT 
TRANSFER RATIO (hee) 


BASE-TO-EMITTER VOLTAGE (V) 


EMITTER CURRENT (mA) EMITTER CURRENT (mA) 
FIGURE 3. Neg vs Ie FIGURE 4. Voge VS le 


hee = 100 

hig = 3.5kQ T 
hpe = 1.88 x 104/ 1mA 
hog = 15.6umho 


BASE-TO-EMITTER VOLTAGE (V) 
NORMALIZED h PARAMETERS 


Ow 
<q > 
< 
5 x 
-75 -50 -25 0 25 50 75 100 125 0.1 1.0 - S 
AMBIENT TEMPERATURE (°C) COLLECTOR CURRENT (mA) 2 Ww 
' Q 
FIGURE 5. Vee vs TEMPERATURE FIGURE 6. NORMALIZED Neg, Nie, Neg, Nog VS Io < Oo 
a) 
- 


COMMON EMITTER CIRCUIT, BASE INPUT Baie 
Ta = +25°C, Voge = 3V, Ic = 1mMA 


+H 
a 

Cece 

ee Meee GRee eek: 

fae 7, 


COMMON EMITTER CIRCUIT, BASE INPUT 
Ta = +25°C, Veg = 3V, Ic = 1mMA 


fond nd 
Oo t=) 


o 
INPUT CONDUCTANCE (gj) 


AND SUSCEPTANCE (bie) (mmhos) 
rm) 


‘ 
aay 
o 


«Ee SRE GY BN 


FORWARD TRANSFER CONDUCTANCE (gre) 
AND SUSCEPTANCE (beg) (mmhos) 


e 
= 
ze 
oe 
e 
= 
N 
a 
BE 
a 
& 
= 
a 
2 


1 10 100 0.1 
FREQUENCY (MHz) Yeats (MHz) 


FIGURE 7. yee vs FREQUENCY FIGURE 8. y,- vs FREQUENCY 
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CA3086 


Typical Static Characteristics for Each Transistor (continued) 


COMMON EMITTER CIRCUIT, BASEINPUT | ||| | 
Ta = +25°C, Voge = 3V, Io = 1mA 05 Bee 


romtatwcttona pT — 

Ta = +25°C, Voge = 3V, Io = 1m je 

es Sre IS SMALL AT FREQUENCIES at ea 

fermen deomeurens Ht = 
area 

ih OG ems moe = 


Gian 8% iss 
eli i ee ens 


OUTPUT CONDUCTANCE (go¢) 


AND SUSCEPTANCE (bor) (mmhos) 
AND SUSCEPTANCE (bre) (mmhos) 
b 
or 


HESS 02 ogee 
oe py 
coached tall site hicbechedit beta dl 


REVERSE TRANSFER CONDUCTANCE (gre) 


= ost ee FO 
00 
FREQUENCY pom FREQUENCY (MHz) 
FIGURE 9. yor vs FREQUENCY FIGURE 10. ype vs FREQUENCY 


GAIN BANDWIDTH PRODUCT (MHz) 


COLLECTOR CURRENT (mA) 
FIGURE 11. fy vs Ic 


FiARRIS 


SEMICONDUCTOR 


aD 


March 1993 


Applications 


Five-independent Transistors 
- Three N-P-N and 
- Two P-N-P 


Differential Amplifiers 
DC Amplifiers 

Sense Amplifiers 
Level Shifters 

Timers 


Lamp and Relay Drivers 


Thyristor Firing Circuits 


Temperature Compensated Amplifiers 


Operational Amplifiers 


Ordering Information 


in 
NUMBER RANGE 


* Denotes Tape and Reel 


Pinout 


CA3096, CA3096A, CA3096C 
(PDIP, 150 mil SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


Description 


The CA3096C, CA3096, and CA3096A are general purpose 
high voltage silicon transistor arrays. Each array consists of 
five independent transistors (two p-n-p and three n-p-n 
types) on a common substrate, which has a separate con- 
nection. Independent connections for each transistor permit 
maximum flexibility in circuit design. 


Types CA3096A, CA3096, and CA3096C are identical, 
except that the CA3096A specifications include parameter 
matching and greater stringency in Icgo, Ice, and 
Vcg(SAT). The CA3096C is a relaxed version of the CA3096. 


CA3096A, CA3096, CA3096C 
Essential Differences 


CHARACTERISTIC CA3096A 


Vipryceo (V) Min a 
wee. 
ae 
| 20-200 | 


CA3096 | CA3096C 


n-p-n 


Viprycao (V) Min. 
n-p-n 


Nee at 100A 
p-n-p 


lcBo (nA) Max. 


40-250 


n-p-n 


IceEo (NA) Max. 


n-p-n 


Viol (mV)Max. 
n-p-n 


File Number 
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CA3096 


N-P-N/P-N-P Transistor Array 


595.2 


TRANSISTOR AND 


DIODE ARRAYS 


Specifications CA3096, CA3096A, CA3096C 


Absolute Maximum Ratings Operating Conditions 
N-P-N P-N-P Operating Temperature Range ............. -55°C < Tg < +125°C 
Collector-to-Emitter Voltage, Voeo Storage Temperature Range............... ~65°C < Ty < +150°C 
CA3096, CASO9GA ............ 0. e ee eee 35V -40V 
AR ss oes hose diane 0's Bean ee 24V -24V 
Collector-to-Base Voltage, Vogo 
GN OPIN 6 icine aie cca sc vescsagnn 45V -40V 
Ss sna 2 co sik nae hae oe ee 30V -24V 
Collector-to-Substrate Voltage, Vejio (Note 1) 
Ps COI pies 9 5.0 0 0 sons ARs pe 958 45V - 
SEP a sae ew ace 4 6 $0 4 oe bees 8K 30V - 
Emitter-to-Substrate Voltage, Veio 
SP COMO Cs coe cee Pacesehace sc. . -40V 
[SPO eG rece ie tees pean er eects - -24V 
Emitter-to-Base Voltage, Vego 
Cee CIN 5 5 pic cies 0's 6 Sesupeiua wie: 3 6V -40V 
Col ata lag st aa tiem gaat acing poplar ieee 6V -24V 
Collector Current, Io (All Types) ............. 50mA -10mA 
Power Dissipation, Pp (Up to Ty = +55°C) 
CROMIOO OGRE. iirc ete eee oe oN A Vet eben’ 750mW 
CO Ss PP ee ig eee eee ee eee 200mW 
ADOVO Tp # 455°C. 0.0 asa nese ae pe Derate Linearly at 6.67mW/°C 
Junction Temperature (Plastic Packages)............... +150°C 
Lead Temperature (Soldering 10 Sec.).............005- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications T, = +25°C 


For Equipment Design 
LIMITS 
UNITS 


PARAMETERS 


FOR EACH N-P-N TRANSISTOR 


° 
A 
> 
: 
° 
> 
o 


a 
a 
B 
z 
a 


lcBo Vop = 10V, 


IcEO Vee =1 OV, 
Ip =0 


V(BR)CBO Io =10pA, 
le = = 0 

ViBrycio Io, = 10pA, 
lIp= = le= 0 


rh 


V(BR)EBO le = 10pA, 
po 0 
Ce SAT Ic =10mA, 
Ip = 1mA 
Vee (Note 2) 
Nee (Note 2) 


© 


° 
“N 


© 
NS 
© 


Olin S 
E | © 3 


Specifications CA3096, CA3096A, CA3096C 


Static Electrical Specifications , = +25°C (Continued) 


For Equipment Design 


PARAMETERS CONDITIONS 


ee 
|AVp_/ATI (Note 2) lo = 1mA, 
Voce = 5V 


FOR EACH P-N-P TRANSISTOR 


ese Vos = -10V, eo -0.006 
E = 

B = 

B a 


LIMITS 


° 

& 
: 

> 


CA3096 CA3096C 


TYP UNITS 


mVPC 


= 
> 


Uv 
ese 


oO 


-24 


ao - 
V(BR)CBO lo = -10pA, -40 -24 V 
le = 0 
VBR)EBO le =-10pA, -40 -40 V 
Io = 
VBR)EIO le; = 10pA, 40 24 V 
lp =~ le = 0 
Voce SAT lo =-1 mA, -0.4 -0.4 V 
Ip = -100pA 
Vee (Note 2) Io = -100pA, -0.7 -0.7 -0.7 V 
Voce = -5V 
9 2] 
hee (Note 2) lo = -100pA, 40 250 | 30 300 <> 
= < 
Voge = “SV co 
Oe 
lo =-1mA, 47 47 | 200 47 200 n < 
an Ll 
Veg = -5V Qo 
ae) 
[AVpe/ATI (Note 2) | Io =-100pA, mVP°C cc ra) 
Voce = -5V 
logo Collector-Cutoff Current Vz Emitter-to-Base Zener Voltage 
lcEO Collector-Cutoff Current Vcesat _ Collector-to-Emitter Saturation Voltage 
Vipryceo Collector-to-Emitter Breakdown Voltage Vee Base-to-Emitter Voltage 
Vierycao Collector-to-Base Breakdown Voltage Nee DC Forward-Current Transfer Ratio 
Viprycio -—« Collector-to-Substrate Breakdown Voltage |AVge/AT| Magnitude of Temperature Coefficient: 


(for each transistor) 
Vipr)eso Emitter-to-Base Breakdown Voltage 


NOTE: 


1. The collector of each transistor of the CA3096 is isolated from the substrate by an integral diode. The substrate (terminal 16) must be 
connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor 
action. 


2. Actual forcing current is via the emitter for this test. 
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Specifications CA3096, CA3096A, CA3096C 


Static Electrical Specifications T, = +25°C (CA3096A Only) 
For Equipment Design 


PARAMETERS 


Absolute Input Offset Voltage 
Temperature Coefficient 


Absolute Input Offset Voltage Voge = -5V, Io = -100HA 
Rs = 0 
Absolute Input Offset Current | 


Absolute Input Offset Voltage |AV Te) 
Temperature Coefficient AT 


Dynamic Electrical Specifications T, = +25°C 
Typical Values Intended Only for Design Guidance 


PARAMETERS 


FOR EACH N-P-N TRANSISTOR 


Noise Figure (Low Frequency) f = 1KHZ, Voge = SV, Io = 1MA, Rg = 1kQ 
Low-Frequency, Input Resistance Ph om fo f = 1.0KHZ, Vog = 5VIg = 1mMA 


Low-Frequency Output Resistance f = 1.0KHZ, Vcg = 5VIo=1MA 


ee 
ho 


Admittance Characteristics 


Forward Transfer Admittance f = 1MHzZ, Vog = 5V, Io = IMA ; 


f = 1MHz Vce 5V lo= 1mA 
Input Admittance f = 1MHzZ, Veg = 5V, Io = 1MA 
f = 1MHzZ, Veg = 5V, Io = 1MA 


N 
oi 


f = 1MHz Voce 5V lo = 1mMA 
Gain-Bandwidth Product Voge = 5V, Io = 1.0MA 
Voge = 5V, Ip = 5MA 


BS 
E 


Output Admittance f = 1MHz, Vog = 5V, Io = IMA 


Collector-To-Substrate Capacitance Vo) = 3V 


76 
0.75 
0.46 
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Specifications CA3096, CA3096A, CA3096C 


Dynamic Electrical Specifications T, = +25°c 
Typical Values Intended Only for Design Guidance 


TYPICAL 
PARAMETERS SYMBOL TEST CONDITIONS VALUES UNITS 


FOR EACH P-N-P TRANSISTOR 


f = 1kHz, Io = 100A, Rg = 1kQ 


f = 1kHz, Vog = 5V, Io = 100HA 
Ro [f= the, Vog= 6Vs l= 100) 


CA3096H 
0 10 20 30 40 
fe, | | 
Pe ie 
i (0.940-1.1 43) 
10— 


t 


4-10 (0.102-0.254) 


37-45 
(0.940-1.143) 


Dimensions in parentheses are in millimeters and are derived from the ba- 
sic inch dimensions as indicated. Grid graduations are in mils (10° inch). 


The photographs and dimensions represent a chip when itis part of 
the wafer. When the wafer is cut into chips, the cleavage angles are 
57° instead of 90° with respect to the face of the chip. Therefore, the 
isolated chip is actually 7 mils (0.17mm) larger in both dimensions. 
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TRANSISTOR AND 


DIODE ARRAYS 


CA3096, CA3096A, CA3096C 


Typical Performance Curves 
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COLLECTOR CUT-OFF CURRENT (pA) 


"100 -75 # -50 -25 0 25 50 75 100 


ZENER VOLTAGE (V) TEMPERATURE (°C) 
FIGURE 1. BASE-TO-EMITTER ZENER CHARACTERISTIC FIGURE 2. COLLECTOR CUT-OFF CURRENT (Icgo) vs 
(N-P-N) TEMPERATURE (N-P-N) 


E 


E ie) 
g ; 
SEO AES EE CRN CRESS ZX 409 
ra a Sa wu 
rs rs Vog = 15V >) A z 
3 1 MEE CERES 
Oo 10 se F 300 > 
6 z Pe 
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5 1 > 200 
S 5 
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4 10°" = z 100 
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107 a a 

-50 -25 50 75 100 0.01 3 
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FIGURE 3. COLLECTOR CUT-OFF CURRENT (Icgo) vs FIGURE 4. TRANSISTOR (N-P-N) hee vs COLLECTOR 
TEMPERATURE (N-P-N) CURRENT 


Ic = 10mA, 1.67mV/°C 
Ig = 5mA, 1.77mVPC 
Ig = 1mA, 1.90mVPC 
Ig = 100pA, 2.05mVv°C 


BASE TO EMITTER VOLTAGE (V) 
BASE TO EMITTER VOLTAGE (V) 


COLLECTOR CURRENT (mA) TEMPERATURE (°C) 
FIGURE 5. Vp- (N-P-N) vs COLLECTOR CURRENT FIGURE 6. Vp_ (N-P-N) vs TEMPERATURE 
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CA3096, CA3096A, CA3096C 


Typical Performance Curves (Continued) 


COLLECTOR TO EMITTER SATURATION VOLTAGE (V) 
COLLECTOR CUT-OFF CURRENT (pA) 


COLLECTOR CURRENT (mA) TEMPERATURE (°C) 


FIGURE 7. Voce sar (N-P-N) vs COLLECTOR CURRENT FIGURE 8. COLLECTOR CUT-OFF CURRENT (Icgo) vs 
TEMPERATURE (P-N-P) 
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COLLECTOR CUT-OFF CURRENT (pA) 
DC FORWARD CURRENT TRANSFER RATI 
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°o 
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20 zn” 
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0 Oe 
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TEMPERATURE (°C) COLLECTOR CURRENT (mA) D ral 

FIGURE 9. COLLECTOR CUT-OFF CURRENT (Icgo) vs FIGURE 10. TRANSISTOR (P-N-P) hge vs COLLECTOR < = 
TEMPERATURE (P-N-P) CURRENT fe 
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FIGURE 11. TRANSISTOR (P-N-P) hee vs TEMPERATURE FIGURE 12. Vpe (P-N-P) vs COLLECTOR CURRENT 
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CA3096, CA3096A, CA3096C 


Typical Performance Curves (Continued) 


nce auld Be a = 5mA, AVpe/AT - 0.97mV/°C 
e 


= Bes 
ee 


aioe. Siena 


TEMPERATURE (°C) 
FIGURE 13. Vp¢ (P-N-P) vs TEMPERATURE 


BASE TO EMITTER VOLTAGE (V) 


MAGNITUDE OF INPUT OFFSET VOLTAGE (mV) 
S 
ho 


. 1 
COLLECTOR CURRENT (mA) 
FIGURE 15. MAGNITUDE OF INPUT OFFSET VOLTAGE IV,)] vs 


COLLECTOR CURRENT FOR P-N-P TRANSISTOR 
Q4- Q5 
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NOISE FIGURE (dB) 


FREQUENCY (kHz) 
FIGURE 17. NOISE FIGURE vs FREQUENCY FOR N-P-N 
TRANSISTORS 


MAGNITUDE OF INPUT OFFSET VOLTAGE (mV) 


COLLECTOR CURRENT (mA) 


FIGURE 14. MAGNITUDE OF INPUT OFFSET VOLTAGE IV! vs 
COLLECTOR CURRENT FOR N-P-N TRANSISTOR 
Q1-Q2 
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FIGURE 16. NOISE FIGURE vs FREQUENCY FOR N-P-N 
TRANSISTORS 


Rsource = 10kQ_] | |} | | 
Oe 0 3 ee | 


NOISE FIGURE (dB) 


0 ee ee ee eee ee en ee ee 
0.01 0.1 1.0 10 100 
FREQUENCY (kHz) 


FIGURE 18. NOISE FIGURE vs FREQUENCY FOR N-P-N 
TRANSISTORS 
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CA3096, CA3096A, CA3096C 


Typical Performance Curves (Continued) 
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FREQUENCY (kHz) 


FIGURE 19. NOISE FIGURE vs FREQUENCY FOR N-P-N 
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CA3096, CA3096A, CA3096C 


Typical Performance Curves (Continued) 
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FIGURE 25. INPUT ADMITTANCE vs FREQUENCY FIGURE 26. OUTPUT ADMITTANCE vs FREQUENCY 
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CA3096, CA3096A, CA3096C 


Typical Performance Curves (Continued) 
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0 1 2 3 4 5 6 7 8 9 10 
BIAS VOLTAGE (V) 


FIGURE 31. CAPACITANCE vs BIAS VOLTAGE (P-N-P) 


Typical Applications 


(SUBSTRATE) 


V+=10V 


OUTPUT VOLTAGE (V) 


OUTPUT 


TRANSISTOR AND 
DIODE ARRAYS 


fg 5000 
a fo-fy>0 fy = fo fy -fg>0 
NOTE: F, OR Fo < 10kHz “4 FREQUENCY DEVIATION (kHz) 
FIGURE 32. FREQUENCY COMPARATOR USING CA3096 FIGURE 33. FREQUENCY COMPARATOR CHARACTERISTICS 


120V AC 


FIGURE 34. LINE-OPERATED LEVEL SWITCH USING CA3096A OR CA3096 
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CA3096, CA3096A, CA3096C 


Typical Applications (Continued) 


TIME DELAY CHANGES +7% 
FOR SUPPLY VOLTAGE CHANGE OF 110% 


36 
lo RL > Eg Vy 
IF lo = 1mA AND R, = 1kQ y 
Vy =+36mV = 
“VE 
VIN * 
° 


LAMP GE 2158D 
OR EQUIVALENT 


(SUBSTRATE) == 
FIGURE 37. TEN-SECOND TIMER OPERATED FROM 1.5V SUPPLY USING CA3096 
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CA3096, CA3096A, CA3096C 


Typical Applications (Continued) 


NOTES: 
1. Can be operated with either dual 
supply or single supply. 
2. Wide-inputcommon mode range 
+5V to -5V. 


3. Low bias current: <1pA. 


VOLTAGE GAIN (dB) 


1 ’ 10 100 1000 
FREQUENCY (kHz) 


FIGURE 39. GAIN-FREQUENCY CHARACTERISTICS 


TRANSISTOR AND 
DIODE ARRAYS 
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FARRIS 


SEMICONDUCTOR 


uD CA3127 


March 1993 High Frequency N-P-N Transistor Array 
Features Description 
¢ Gain Bandwidth Product (fy)................ >1GHz The CA3127* consists of five general purpose silicon n-p-n 
transistors on a common monolithic substrate. Each of the 
© Power Gall. ssissie92 vanes 30dB (Typ) at 100MHz completely isolated transistors exhibits low 1/f noise and a 
e Noise Figure................ 3.5d0B (Typ) at 100MHz value of f; in excess of 1GHz, making the CA3127 useful 


e Five Independent Transistors on a Common Substrate 


Applications 

e VHF Amplifiers 

¢ Multifunction Combinations - RF/Mixer/Oscillator 
e Sense Amplifiers 

e Synchronous Detectors 

¢ VHF Mixers 

¢ IF Converter 

e IF Amplifiers 

e Synthesizers 


e Cascade Amplifiers 


from DC to 500MHz. Access is provided to each of the termi- 
nals for the individual transistors and a separate substrate 
connection has been provided for maximum application flexi- 
bility. The monolithic construction of the CA3127 provides 
close electrical and thermal matching of the five transistors. 


“ Formerly Development Number TA6206. 


Ordering Information 


[witoer |"Mnanoe™" | raocoe 
NUMBER RANGE 


* Denotes Tape and Reel. 


Pinout 


CA3127 
(PDIP, CDIP, 150MIL SOIC) 
TOP VIEW 


SUBSTRATE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


| File Number 662.2 
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Specifications CA3127 


Absolute Maximum Ratings 


Power Dissipation, Pp : 
BEY ORG TONGS 5355 0 eee Lcies ces MM Obeespe Gee 85mW 
Total Package 
For Upto sre Oe eerie ee ei Maes d. 425mW 
POE Tp > 470 © 6 itn ccc c ee ed Derate Linearly at 6.67mW/C 
The following ratings apply for each transistor in the device 
Collector-to-Emitter Voltage, Voge... ee eee cee eee eee 15V 
Collector-to-Base Voltage, Vopo..--- eee eee rere eee 20V 
Collector-to-Substrate Voltage, Voig (Note 1)............. 20V 
Calletior Cone feces ice eos Fics a cbse odes 20mA 
SUT TOTIRRENG oi. co es has os oh os OB ge +175°C 
Junction Temperature (Plastic Packages)............... +150°C 
Lead Temperature (Soldering 10 Sec.)..............0.. +300°C 


Operating Conditions 
Operating Temperature Range................ -55°C to +125°C 
Storage Temperature Range................6. -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C 


DC SPECIFICATIONS (For Each Transistor) 
Collector-to-Base Breakdown Voltage 
Collector-to-Emitter Breakdown Voltage 


Collector-to-Substrate Breakdown-Voltage 
Emitter-to-Base Breakdown Voltage (Note 2) 
Collector-Cutoff-Current 
Collector-Cutoff-Current 

DC Forward-Current Transfer Ratio 


Vog = 6V 


Base-to-Emitter Voltage 


Vog = 6V 


Collector-to-Emitter Saturation Voltage 
Magnitude of Difference in Vg 
Magnitude of Difference in Ip 
SWITCHING SPECIFICATIONS 
Noise Figure 

Gain-Bandwidth Product 
Collector-to-Base Capacitance 
Collector-to-Substrate Capacitance 
Emitter-to-Base Capacitance 
Voltage Gain 

Power Gain 

Noise Figure 

Input Resistance 

Output Resistance 


Input Capacitance 

Output Capacitance 

Magnitude of Forward Transadmittance 
NOTE: 


PARAMETERS TEST CONDITIONS | MIN | TYP | MAX | UNITS 


lo = 10pA, Ie = 0 

Ic = 1mA, Ip = 0 

lo, = 10H/A, Ip = 0, Ie = 0 
le = 10pA, Io =0 

Vor =10VIg=0-' 
Vor = 10V, Ie =0 


Ig = 10mA, Ig = 1mA 


Q, & Q, Matched 
Voce = 6V, lo = imA 


f = 100kHz, Rg = 5009, Io = 1mA 


Voce = 6V, f = 10MHz, Ry = 1kQ, lo =1imA 


Cascode Configuration 
f = 100MHz, V+ = 12V, lp = 1mA 


Common-Emitter Configuration 
Voge = 6V, Io = 1mA, f = 200 MHz 
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1. The collector of each transistor of the CA3127 is isolated from the substrate by an integral diode. The substrate (terminal 5) must be con- 
nected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor action. 


2. When used as a zener for reference voltage, the device must not be subjected to more than 0.1mJ of energy from any possible capacitance 
or electrostatic discharge in order to prevent degradation of the junction. Maximum operating zener current should be less than 10mA. 
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TRANSISTOR AND 


DIODE ARRAYS 


CA3127 


Typical Performance Curves 


Ta = +25°C 
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FIGURE 3. GAIN-BANDWIDTH PRODUCT vs COLLECTOR FIGURE 4. BASE-TO-EMITTER VOLTAGE vs COLLECTOR 
CURRENT CURRENT 


Ta= +25°C 
f = 1MHz 


c 
& 
lw 
5) 
z 
5 
= 
< 
Oo 
0: Misri@ ts Stee BAT oes wetele cw 
BIAS VOLTAGE (V) 
FIGURE 5A. CAPACITANCE vs BIAS VOLTAGE FOR Q2 FIGURE 5B. TYPICAL CAPACITANCE VALUES AT f = 1MHz. 


THREE TERMINAL MEASUREMENT. GUARD ALL 
TERMINALS EXCEPT THOSE UNDER TEST. 
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CA3127 © 


Typical Performance Curves (Continued) 
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35 | FOR TEST CIRCUIT SEE FIGURE 19 
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Ta = +25°C 
Voce = 6V 
f = 200MHz 


INPUT CONDUCTANCE (g;3) OR 
SUSCEPTANCE (by) (mmho) 
OUTPUT CONDUCTANCE (go) (mmho) 
OUTPUT SUSCEPTANCE (b>) (mmho) 
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FIGURE 10. INPUT ADMITTANCE (Y,,) vs COLLECTOR FIGURE 11. OUTPUT ADMITTANCE (Y22) vs FREQUENCY 
CURRENT 
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CA3127 


Typical Performance Curves (continued) 


Ta = +25°C 
Voce = 6V 
f = 200MHz 
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FIGURE 12. OUTPUT ADMITTANCE (Y,,.) vs COLLECTOR FIGURE 13. FORWARD TRANSADMITTANCE (Y,,;) vs 
CURRENT COLLECTOR CURRENT 
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FIGURE 14. FORWARD TRANSADMITTANCE (Y,,) vs FIGURE 15. REVERSE TRANSADMITTANCE (Y,,) vs 
FREQUENCY COLLECTOR CURRENT 


MAGNITUDE OF REVERSE 
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PHASE-ANGLE OF REVERSE 
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FIGURE 16. REVERSE TRANSADMITTANCE (Y;,) vs FIGURE 17. VOLTAGE-GAIN TEST CIRCUIT USING CURRENT- 
FREQUENCY MIRROR BIASING FOR Q, 
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CA3127 


Typical Performance Curves (continued) 


Vi 1000pF 0.3yH 


= 


This circuit was chosen because it conveniently represents 
o TEST a close approximation in performance to a properly unilat- 
eralized single transistor of this type. The use of Q3 in a 
current-mirror configuration facilitates simplified biasing. 
The use of the cascode circuit in no way implies that the 
transistors cannot be used individually. 


yseeeses SeVeeeesweesSeGeceSGe se fee esac sence ces 


*E.F. JOHNSON NUMBER 160-104-1 
@ OR EQUIVALENT 


FIGURE 18. 100MHz POWER-GAIN AND NOISE-FIGURE TEST CIRCUIT 


GENERAL RADIO 1021-P1 100MHz 
100MHz GENERATOR TEST SET 


12 VOLT DC 
POWER SUPPLY 


BOONTON 91C 
R.F. VOLTMETER 


(a) POWER GAIN SET-UP 


VHF NOISE SOURCE 100MHz 100MHz 
HEWLETT PACKARD HP343A TEST SET POST AMPLIFIER 


12 VOLT DC 15 VOLT DC 
POWER SUPPLY POWER SUPPLY 


(b) NOISE FIGURE SET-UP 
FIGURE 19. BLOCK DIAGRAMS OF POWER-GAIN AND NOISE-FIGURE TEST SET-UPS 


NOISE FIGURE METER 
HEWLETT PACKARD HP342A 
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TRANSISTOR AND 


DIODE ARRAYS 


satreenerers: CA3141 


High-Voltage Diode Array For Commercial, 


tt 


March 1993 Industrial & Military Applications 
Features Description 
¢ Matched Monolithic Construction - V- for Each Diode The CA3141E High Voltage Diode Array Consists of ten ger- 
Pair Matched to Within 0.55mvV (Typ) at I; = 1mA eral purpose high reverse breakdown diodes. Six diodes are 


internally connected to form three common cathode diode 
pairs, and the remaining four diodes are internally connected 
e High Diode-to-Substrate Breakdown Voltage -30V (Min) to form two common anode diode pairs. Integrated circuit 
construction assures excellent static and dynamic matching 
of the diodes, making the CA3141 extremely useful for a 
wide variety of applications in communications and switching 
systems. 


e Low Diode Capacitance - 0.3pF (Typ) at Vp = 2V 


e Low Reverse (Leakage) Current - 100nA (Max) 


Applications 


e Balanced Modulators or Demodulators 
Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


CA3141E -55°C to +125°C 16 Lead Plastic DIP 


¢ Analog Switches 
¢ High-Voltage Diode Gates 


e Current Ratio Detectors 


Pinout 


CA3141 
(PDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1993 aie File Number 906.2 


Specifications CA3141 


Absolute Maximum Ratings 


Inverse-Voliage-(PIV). +000 rere reer errner arith Fee 30V 
Peak Diode -to-Substrate Voltage ........... cee eee eee ee 30V 
Peak Forward Surge Current [I- (Surge)]................ 100mA 
EP POrnne CHITIN Ces Sst ss fe ae eae ore orge selec oho oe 25mA 
Dissipation: 

Cola ey 08 Oks gpa eee Siler elves Saree rate Fee 4 ene 50mW 

Total Package: 

0 I oeaibe wine eenespe donee de eter eigenen aria gies 650mW 

BS oe See ape ea oe Derate Linearly at 6.67mW/C 
JUNCTION Termnperalne oo isi. 6 bo ds da ae a SP +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


Operating Conditions 


Operating Temperature Range ............. -55°C < Tg $ +125°C 
Storage Temperature Range............... -65°C < Ty < +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C 


DC Reverse (Leakage) Current 
Magnitude of Diode Offset Voltage Between Diode Pairs 


Temperature Coefficient of Forward Voltage Drop 


Reverse Recovery Time 


Diode Capacitance 


Diode Anode-to-Substrate Capacitance Coal 


Diode Cathode-to-Substrate Capacitance Coc! 


Magnitude of Cathode-to-Anode Current Ratio 


Typical Performance Curves 
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DC FORWARD VOLTAGE DROP (V) 


0 
FORWARD CURRENT (A) 
FIGURE 1. DC FORWARD VOLTAGE DROP vs FORWARD 
CURRENT 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


DC Forward Voltage Drop Ve le (Anode) 


DC Breakdown Voltage Between Any Diode and V(BR)DI Ip) = 10pA 
Substrate 

DC Reverse (Leakage) Current Between Any Diode 
and Substrate 


avg 


eo/lea! lea = ImA, Vos = 10V 


LIMITS 
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TRANSISTOR AND 
DIODE ARRAYS 


CA3141 


Typical Performance Curves (continued) 
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FIGURE 3. DIODE OFFSET VOLTAGE vs MAGNITUDE OF 
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DIODE CAPACITANCE (pF) 


5 10 2 
CATHODE-TO-ANODE DC REVERSE VOLTAGE (V) 
FIGURE 4. DIODE CAPACITANCE vs CATHODE-TO-ANODE 
REVERSE VOLTAGE 
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CA3146, CA3183 


March 1993 High-Voltage Transistor Arrays 


Features 


e Matched General Purpose Transistors 

¢ Vse Matched +5mV Max 

¢ Operation from DC to 120MHz (CA3146, A) 

e Low Noise Figure: 3.2dB Typ at 1kHz (CA3146, A) 
¢ HighlIc: 75mA Max (CA3183, A) 


Applications 


e General Use in Signal Processing Systems in DC 
through VHF Range 

e Custom Designed Differential Amplifiers 

Temperature Compensated Amplifiers 

¢ Lamp and Relay Drivers (CA3183, A) 

e Thyristor Firing (CA3183, A) 


Ordering Information 


[ie [| nee 
RANGE 

[Gxaia6AE | 40°C 10x85" | Talead Plasto DIP 
[CABIAGAM | 40°10 405°C [4 Lead SOIC 
[CASIAGAMGG | -A0°C10+05°C [14 Lead SOI” 
[CASi4GE | 40°C 10+85°C [14 Lead Plasto DP 
[easiaem | -a0°Ct0 +85 [4 Lead SOI 
[CASIGAE 
[CASIEGAM 
[CASIEGAMOG 
[oAsiese 
[case 
[oAsieaMs6 


*Denotes Tape and Reel 


Pinouts 


CA3146, A (PDIP, SOIC) 
TOP VIEW 


DIFF. 
PAIR 


Description 


The CA3146A, CA3146, CA3183A, and CA3183"* are 
general purpose high voltage silicon n-p-n transistor arrays 
on a common monolithic substrate. 


Types CA3146A and CA3146 consist of five transistors with 
two of the transistors connected to form a differentially 
connected pair. These types are recommended for low 
power applications in the DC through VHF range. (CA3146A 
and CA3146 are high voltage versions of the popular 
predecessor type CA3046.) 


Types CA3183A and CA3183 consist of five high current 
transistors with independent connections for each transistor. 
In addition two of these transistors (Q1 and Q2) are matched 
at low current (i.e. 1mA) for applications where offset 
parameters are of special importance. A special substrate 
terminal is also included for greater flexibility in circuit 
design. (CA3183A and CA3183 are high voltage versions of 
the popular predecessor type CA3083.) 


The types with an “A” suffix are premium versions of their 
non-”A” counterparts and feature tighter control of break- 
down voltages making them more suitable for higher voltage 
applications. 


For detailed application information, see companion Application 
Note AN5296 “Application of the CA3018 Integrated Circuit 
Transistor Array.” 


“ Formerly Developmental Types Nos. 
CA3146A - TA6084 CA3183A - TA6094 
CA3146 - TA6181 CA3183 - TA6183 


CA3183, A (PDIP, 150MIL SOIC) 
TOP VIEW 


SUBSTRATE 


TRANSISTOR AND 


DIODE ARRAYS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 6-55 


532.2 


File Number 


Specifications CA3146, CA3146A, CA3183, CA3183A 


Absolute Maximum Ratings 


Power Dissipation: (any one transistor) 
Meek tg PE cl ne co TNs bo ee ccs wakeaobeee 300mW 
RIAA CRB E iin as wetls sus igs wae odivis seMinuilad so 8c 500mWw 
Total Package 
Up to +55°C (CA3146A, CA3146, CA3183A, CA3183).. . .750mW 
PN ro os cog scans cbasless Derate Linearly 6.67mW/°C 
(CA3146, A, CA3183, A) 
The following ratings apply for each transistor in the device: 
Collector-to-Emitter Voltage (Vc¢o): 


CSP IOI OON cos ccc d cee San dostnhccrcdurecbarpes 40V 

Se es Se sks oa ae oe eee Oe 30V 
Collector-to-Base Voltage (Vogo): 

SN PR NN og ea ang wr 5 Gk dda Sa ue A 50V 

RIM PE RORN rd on Cie om ns AER bk wo oe pee ae eae 40V 
Collector-to-Substrate Voltage (Vcjo): (Note 1) 

A EISOR CMITOOIN cree cols Desc t can tots eee lo ihbnans 50V 

re ny CR Oe et aA SR ie ASS 40V 
Emitter-to-Base Voltage (Vego) all typeS ......... ce eee ee eee 5V 
Collector Current 

ReMi ng a a trainir as Sha tee Oe awa Bar dis 50mA 

a GES ae AOL ee a Rese aad tate Wah bt gad MR ok Aa 75mA 
Base Current (Ig) - CA3183A, CA3183........... 000.000 ee 20mA 
RPICROVE TON WIRTOUNG OSES. 8 LALOT VR Ie. +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)...........0ecees +300°C 


Operating Conditions 


Operating Temperature Range 
CA3146A, CA3146, CA3183A, CA3183 ........ -40°C to +85°C 
Storage Temperature Range (all types)......... -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Values Apply For Each Transistor 


(NOTE 2) VceEo VcBo 


P;MAX. | Ic MAX. | (MAX) (MAX) 
(mW) (mA) (V) (V) 


VALUES APPLY FOR EACH TRANSISTOR 


eve | oe [= |» | « | om 
ce 


Voce SAT AT Nee AT 1mA, 


DIFF. PAIR AT 1mA 


Vio MAX | ig MAX 
(mV) (1A) 


& Voce — 5V 
(TYP) 


T, RANGE 
(OPERATING) 


-40°C to +85°C 
-40°C to +85°C 


-40°C to +85°C 


ee 
ra a 
Te 
fs [as [rewire 


Comparison Of Related Predecessor Type with Types in this Data Sheet 


CA3146A 40 


Vesa T Nobo Mit] Vcc ear TYP Vee TYP 
TYPE MIN (V) (V) (V) (V) 


em | a] wet a 
se 
ee 


Co, TYP 
(pF) 


| 


Cop TYP 
(pF) 
7 
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Specifications CA3146, CA3146A, CA3183, CA3183A 


Comparison Of Related Predecessor Type with Types in this Data Sheet (Continued) 
poe [ae Par eam Dor [sor [ar ar 
TYPE MIN (V) (V) (V) (V) (pF) (pF) (pF) 
[te=somn [Ge tomn 
MARA So ee 
regi ym] 


NOTES: 


1. The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transisters, and to provide for normal transistor action. To 
avoid undesired coupling between transistors, the substrate terminal should be maintained at either DC or signal (AC) ground. A suitable 
bypass capacitor can be used to establish a signal ground. 


2. Caution on Total Package Power Dissipation: The maximum total package dissipation rating for the CA3146 and CA3183 Series circuits 
is 750mW at temperatures up to +55°C, then derate linearly at 6.67mW/C. 


Static Electrical Characteristics CA3146 Series 


TEST CONDITIONS 


LIMITS 


(o) 
aes 
ra 
> 


E 
A 
7 
. 


PARAMETERS 


For Each Transistor 


Collector-to-Base Break- V(BR)CBO lo = 10pA, le=0 
down Voltage 

Collector-to-Emitter V(BR)CEO lo = 1mA, lp =0 
Breakdown Voltage 

Collector-to-Substrate Viprycio | Ic) = 10pA, Ip = 0, 
Breakdown Voltage le =0 


E ae 
Emitter-to-Base V(BR)EBO le = 10pA, lo = (0 
Breakdown Voltage 


Ta nh +25°C 


Collector-Cutoff Current Voge = 10V, Ip = 0 


Vee 


Collector-Cutoff Current 


DC Forward-Current 
Transfer Ratio 


QO 
2) 


@) 


eta [4 
Base-to-Emitter Voce = SV, lo = 1imA 

Voltage 

Collector-to-Emitter Sat- Voce SAT lo = 10mA, lp =1imA 

uration Voltage 


For transistors Q3 and Q4 (Darlington Configuration): 


Base-to-Emitter Vee 
(Q3 to Q4) Vac=5v. lic= mA 


Magnitude of Base-to- 
Emitter Temperature Co- 
efficient 


Se 
N 
ro) 
2S 
~ 
ro) 


= 
4) 


mVPC 


> 
> 
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TRANSISTOR AND 


DIODE ARRAYS 


Specifications CA3146, CA3146A, CA3183, CA3183A 


Static Electrical Characteristics CA3146Series (Continued) 


TEST CONDITIONS LIMITS 


PARAMETERS SYMBOL 


Magnitude of Input 
Offset Voltage 


IVee1 - Veeal 

Magnitude of Base-to- 
Emitter Temperature Co- 
efficient 


Magnitude of Vio Voge = 5V, 

(Veer - Vece) lor = leg = 1MA 
Temperature 

Coefficient 


Magnitude | CA3146AE Voge = 5V, 

of Input Off- and lor = lop = IMA 
set Current | CA3146E 

lloy - lioal Only 


Dynamic Electrical Characteristics CA3146 Series 


TEST CONDITIONS LIMITS 
PARAMETERS T, = +25°C ‘ 


Low Frequency Noise N f = 1KHZ,Voeg = 5V, 
Figure lo = 100A, Source 
resistance = 1kQ 


Low-Frequency, 
Smaill-Signal Equivalent- 
Circuit Characteristics: 


Forward-Current 
Transfer Ratio 


Short-Circuit Input 
Impedance 


Open-Circuit Output 
impedance 


f = 1kHz, Vog = 5V, 
lo = 1mA 


f = 1kHz, Vog = 5V, 
lo = 1imA 


f= 1kHz, VoE =5V, 
le = 1mA 


Voltage Transfer Ratio lo = 1mA 
Admittance Characteristics: 


Forwara Transfer 
Admittance 


f= 1MHz, Voce = 5V, 
lo=1mA 


f= 1MHz, Vog = 5V, 
le =1mA 


f = 1MHz, Vog = 5V, 
lo=1mA 


Input Admittance 


Output Admittance 


Reverse Transfer 
Admittance 


f= 1MHz, Vce = 5V, 
lo =1imA 


Open-Circuit Reverse ae f = 1kHZz, Vog = 5V, 
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Specifications CA3146, CA3146A, CA3183, CA3183A 


Dynamic Electrical Characteristics CA3i46 Series (Continued) 


TEST CONDITIONS LIMITS 
PARAMETERS Ta, = +25°C : 


Gain-Bandwidth Product Voe=5V,lo=3mA | 21 


Emitter-to-Base Vep = 5V, Ie = 0 


Capacitance ie: 
Collector-to-Base Vop = 5V, Io = 0 22 
Capacitance 


Static Electrical Characteristics CA3183 Series 


PARAMETERS SYMBOL 


For Each Transistor: 


Collector-to-Base V(BR)CBO lo = 100A, le =0 
Breakdown Voltage 

Collector-to-Emitter Vipryceo | Ic = 1mA, Ip =0 
Breakdown Voltage 


Collector-to-Substrate 
Capacitance 


LIMITS 


Q 
Collector-to-Substrate Viprycio | !c) = 100pA, Ip = 0, V z _ 
Breakdown Voltage le =0 Pe = 
Emitter-to-Base V(BR)EBO le = 500uA, lo =0 V o = 
Breakdown Voltage a w 
Qa 
z0 

Collector-Cutoff Current Vop = 10V, Ie = 0 24 3 


Poa c= 


oO 
op) 
on 
=) 
N 
uo 


Cad . 
N 


DC Forward-Current Nee Vee = 3V, lc = 10mA 

f : 
Transfer Ratio Vor = SV, lo = 50mA 
Base-to-Emitter Voltage Voge = 3V, Io = 10MA 27 
Collector-to-Emitter Voe sat Io = 50mA, Ip = 5mMA 28 
Saturation Voltage (Note 1) 
For Transistors Q1 and Q2 (As a Differential Amplifier): 
Absolute Input Offset IViol Voge = 3V, Io = 1MA R 
Voltage 


Absolute Input Offset fice Vce=3V,Io=imA | 30 


NOTE: 
1. A maximum dissipation of 5 transistors x 150mW = 750mW is possible for a particular application. 


Collector-Cutoff Current Voge = 10V, Ip = 0 = 
Ls 
| 25, 26 | 
meee 
ee 
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Specifications CA3146, CA3146A, CA3183, CA3183A 


Typical Performance Curves Static Characteristics - CA3146 Series 


COLLECTOR CUTOFF CURRENT (nA) 
COLLECTOR CUTOFF CURRENT (nA) 


TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 1. Icgg vs TEMPERATURE FOR ANY TRANSISTOR FIGURE 2. Ic¢g9 vs TEMPERATURE FOR ANY TRANSISTOR 


160 
140 


120 


DC FORWARD CURRENT TRANSFER RATIO 
BASE-TO-EMITTER VOLTAGE (V) 


20 
0.01 10 


COLLECTOR CURRENT (mA) TEMPERATURE (°C) 
FIGURE 3. hee vs lp FOR ANY TRANSISTOR FIGURE 4. Vag vs TEMPERATURE FOR ANY TRANSISTOR 


COLLECTOR TO EMITTER 
SATURATION VOLTAGE (V) 
OFFSET VOLTAGE (mV) 


-75 -50 -25 0 25 50 75 100 125 
COLLECTOR CURRENT (mA) TEMPERATURE (°C) 


FIGURE 5. Vce sar VS Ic FOR ANY TRANSISTOR FIGURE 6. Vio vs TEMPERATURE FOR Q1 AND Q2 
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CA3146, CA3146A, CA3183, CA3183A 


Typical Performance Curves Static Characteristics - CA3146 Series (Continued) 


0.8 PP: 10 
veel. | II CHI ¢ 
; TEETH 8 
W O7 339 
S CUT rN Sg et 
g Ji x & = - 
fa S a) 
B sp oF BY i 
= Ss i 
Petition) bee 
Ww 0.5 ic 66§ FA RR es a 
3 I eet-veet TTL TTI] SF ae i 
a 
wT, © aq OT 
es teil CURRENT ell - COLLECTOR CURRENT (mA) 
FIGURE 7. Vee AND Vio vs Ie FOR Q1 AND Q2 FIGURE 8. lig vs Ig (Q1 AND Q2) FOR TYPES CA3146A AND 


CA3146 


Typical Performance Curves Dynamic Characteristics (for any transistor) - CA3146 Series 


a a 
<= z 
a Ww 
= va 
g 3 
re re 
Ue Ww 
5 g 
z = 2 wo 
<z 
Co 
On 
re 
7) 
mw 
Q 
a) 
COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) or QO 
FIGURE 9. NF vs I, AT Rg = 5000 FIGURE 10. NF vs Ic AT Rg = 1kQ 


100 


= 
A : 
fi — E its 27h wtf imA : 
ig io oe noe = 15.6umho ei 
i ao) ee i et a 
bs - dmeaa ay rome OMe ess. ee ecco Oe ot ea BL” BE) 3 
¢ Si Td A oF || 
f CCor Nao 
o =z 1.0 a 
= DME IRE . ee A Ge ee, Oe te 
5 THT ne ET 
= - ————t || || wal 
waa oa = fis Be ee a 2 
0.01 10 
COLLECTOR CURRENT (mA) peg a ear noe 
FIGURE 11. NF vs Io AT Re = 10k FIGURE 12. hee, hig, Nog, Nag VS Io 
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CA3146, CA3146A, CA3183, CA3183A 


Typical Performance Curves Dynamic Characteristics (for any transistor) - CA3146 Series (Continued) 


OUTPUT CONDUCTANCE (go¢) FORWARD TRANSFER CONDUCTANCE (grr) 
OR SUSCEPTANCE (bee) (mmho) 


OR SUSCEPTANCE (bo¢) (mmho) 


GAIN BANDWIDTH PRODUCT (MHz) 


Sl 0 

i rT ea 

Pires tee 

- ie 

Aid 

i NT 

iy SE 

= HiA® 

ett # 

a Sy Bes 

ape 

-20 a) Be 
0.1 1.0 10 100 

FREQUENCY (MHz) 


FIGURE 13. yre vs FREQUENCY 


COMMON EMITTER CIRCUIT, BASEINPUT | ||] | 

Ta = +25°C, Vee = 3V, Ic = 1MA ose 

Tr nat 

Se SER RS St Be CaS ae 
me ES 22 BAP as 


fe 
et tT AZ 
tit 4 
——— 


10 
FREQUENCY (MHz) 


FIGURE 15. yog vs FREQUENCY 


1.0 


100 


Voce = 5V 
Ta = +25° Cc 


4 5 6 7 8 9 10 11 12 13 14 
COLLECTOR CURRENT (mA) 


FIGURE 17. fy vs Ie 


COMMON EMITTER CIRCUIT, BASE INPUT tp 
Ta = +25°C, Voge = 5V, Ic =1mA 
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INPUT CONDUCTANCE (gj) 
OR SUSCEPTANCE (bie) (mmho) 


REVERSE TRANSFER CONDUCTANCE (gre) 


CAPACITANCE (pF) 


OR SUSCEPTANCE (bp¢) (mmho) 


COMMON EMITTER CIRCUIT, BASE INPUT bea. | 
Ta = +25°C, Voce = 5V, Io = 1ImA 


1.0 10 


FREQUENCY (MHz) 
FIGURE 14. yj vs FREQUENCY 


COMMON EMITTER CIRCUIT,BASEINPUT || | 
Ta = +25°C, Voge = 5V, Io = IMA =e 
|| | gag is SMALL AT FREQUENCIES 
= __LESS THAN 500MHz 


FREQUENCY (MHz) 
FIGURE 16. ype vs FREQUENCY 


9 10 11 12 13 14 
BIAS VOLTAGE (V) 


FIGURE 18. Ces, Cog, Co, vs BIAS VOLTAGE 


CA3146, CA3146A, CA3183, CA3183A 


Typical Performance Curves Static Characteristics - CA3183 Series 


(vu) LNSHYYND S44OLND HOLOZTION 


75 100 


50 


25 


TEMPERATURE (°C) 
FIGURE 20. Icgo vs TEMPERATURE FOR ANY TRANSISTOR 


-25 


-50 


100 


5 
TEMPERATURE (°C) 


2 
FIGURE 19. Ic¢gg vs TEMPERATURE FOR ANY TRANSISTOR 


SAVYHV 3GOId 
ONV HOLSISNVYL 


ee CURRENT (mA) 
FIGURE 22. hee vs Ip FOR ANY TRANSISTOR 


TEMPERATURE (°C) 
FIGURE 21. hee vs TEMPERATURE FOR ANY TRANSISTOR 


(334) OLLWY uS4SNVUL LN3Y8uND GYYMHOS 9G 


(A) os NOLLVHNLWS 
HILLINA OL HOLDSTION 


ra) =) So =) r=) 


(A) SDVLIOA YSLLING OL 3SVva 


ge 


COLLECTOR CURRENT (mA) 
FIGURE 24. Vo¢ sar VS Ic FOR ANY TRANSISTOR 


COLLECTOR CURRENT (mA) 
FIGURE 23. Vg¢ vs Ie FOR ANY TRANSISTOR 
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CA3146, CA3146A, CA3183, CA3183A 


Typical Performance Curves Static Characteristics - CA3183 Series (Continued) 


ABSOLUTE INPUT - OFFSET VOLTAGE (mV) 
ABSOLUTE INPUT - OFFSET CURRENT (A) 


“0.1 1.0 10 
COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 


FIGURE 25. IViol vs lc FOR DIFFERENTIAL AMPLIFIER (Q1 ANDQ2) FIGURE 26. Ill vs lp FOR DIFFERENTIAL AMPLIFIER (Q1 AND Q2) 
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a MARRIS CA3227, CA3246 


High-Frequency N-P-N Transistor Arrays For Low- 


March 1993 Power Applications at Frequencies Up to 1.5GHz 
Features Description 
e Gain-Bandwidth Product (fy) > 3GHz The CA3227 and CA3246* consist of five general purpose 


silicon n-p-n transistors on a common monolithic substrate. 
Each of the transistors exhibits a value of f; in excess of 
3GHz, making them useful from DC to 1.5GHz. The mono- 
lithic construction of these devices provides close electrical 


e Five Transistors on a Common Substrate 


Ap P lications and thermal matching of the five transistors. 
¢ VHF Amplifiers * Formerly RCA Development Nos. TA10854 and TA10855, respec- 
e VHF Mixers tively. 


e Multifunction Combinations-RF/Mixer/Oscillator : : 
Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
CA3227E -55°C to +125°C 16 Lead Plastic DIP 


CA3227M -55°C to +125°C + | 16 Lead Narrow Body 
SOIC 

CA3227M96 -55°C to +125°C 16 Lead Narrow Body 
SOIC * 


CA3246E -55°C to +125°C | 14 Lead Plastic DIP 
CA3246M -55°C to +125°C + | 14 Lead SOIC 
CA3246M96 -55°C to +125°C + | 14 Lead SOIC * 


e IF Converter 
IF Amplifiers 


e Sense Amplifiers 


e Synthesizers 


e Synchronous Detectors 


e Cascade Amplifiers 


* Denotes Tape and Reel 2 w 
<< 
co 
+ 

Pinouts 2 iw 
Q 
CA3246 CA3227 20 
(PDIP, SOIC) (PDIP, 150 mil SOIC) x ie) 
TOP VIEW TOP VIEW “a 
SUBSTRATE 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. File Number 1345.2 
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Specifications CA3227, CA3246 


Absolute Maximum Ratings (T, = +25°C) Operating Conditions 

Power Dissipation, Pp: Operating Temperature Range ............. -55°C < Ty $ +125°C 
ANY one Tengietor . + 3:.%... taeda Pea ts of ese ee 85mW Storage Temperature Range............... -65°C < Ty < +150°C 
Total Package: 
Bort, Ups 7SeO is es bai 5508 toe oe ana ee 425mW 
Or Sa Se ccs sc aen en Derate Linearly at 6.67mW/°C 

The following ratings apply for each transistor in the device: 

Collector-to-Emitter Voltage (Vce—) ... 6. eee ee eee ee eee nes 8V 

Collector-to-Base Voltage (Vogo). 6... ee cee cee eee eee 12V 

Collector-to-Substrate Voltage (Vcic) (Note 1).............. 20V 

Collector Current {ie)os. a. S20 i. Sa RL. 20mA 

Junction Teomporalute 05a. os el ine. ise ae. +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.).............000- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications T, = +25°C 


PARAMETER SYMBOL TEST CONDITIONS 
FOR EACH TRANSISTOR 


Collector-to-Base Breakdown V(BR)CBO lo = 10pA, Ie = 0 20 V 
Voltage 
Collector-to-Emitter Breakdown ViBRyceo lo = 1mA, lp = 0 10 Vv 
Voltage 


Collector-to-Substrate Breakdown V 
Voltage 


Emitter-Cutoff-Current (Note 2) 
Collector-Cutoff-Current 


Collector-Cutoff-Current 


Collector-to-Emitter Saturation 
Voltage 


NOTES: 


1. The collector of each transistor of these devices is isolated from the substrate by an integral diode. The substrate (terminal 5/CA3227 
and terminal 13/CA3246) must be connected to the most negative point in the external circuit to maintain isolation between transistors 
and to provide for normal transistor action. 


2. On small-geometry, high-frequency transistors, it is very good practice never to take the Emitter Base Junction into reverse break- 
down. To do so may permanently degrade the hee. Hence, the use of lego rather than Vgpyego- These devices are also susceptible 
to damage by electrostatic discharge and transients in the circuits in which they are used. Moreover, CMOS handling procedures 
should be employed. 
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Specifications CA3227, CA3246 


Dynamic Electrical Specifications 1, = +25°C, 200MHz, Common Emitter, Typical Values Intended Only for Design Guidance 


TYPICAL 
PARAMETER SYMBOL TEST CONDITION VALUES UNITS 


FOR EACH TRANSISTOR 


Input Admittance Ya4 Ds; Io = 1MA, Voge = 5V 
Output Admittance ¥. Doo Io = 1mA, Vog = 5V | 2.7 | mmho | 

= 
Forward Transfer Admittance Yo; Yoy lo = 1MA, Vog = 5V } 29.3 | mmho | 
Reverse Transfer Admittance Y40 Y~ lo = 1MA, Vog = 5V | 0.38 | mmho 
Input Admittance Yu bi; lo = 10MA, Voge = 5V 
Output Admittance we Doo lo = 10MA, Vog = 5V | 2.75 | mmho | 

Qee | 0.9 {mmo | 
Forward Transfer Admittance Yo; Yo, Io = 10MA, Veg = 5V | 95 | mmho | 

Ga 
Reverse Transfer Admittance Yi2 Yi2 lo = 10MA, Voge = 5V | 0.39 | mmho | 
Small Signal Forward Current Transfer Ratio | ho, lo = IMA, Vog = SV 7.1 oe 


TYPICAL CAPACITIES AT 1MHz, THREE-TERMINAL MEASUREMENT 


on we 


n 


Collector-to-Base Capacitance Vop = 6V 


i?) 
(2) 
wo 


Collector-to-Substrate Capacitance 


Q 
Q 


So 
> 


Collector-to-Emitter Capacitance p 


pF 


TRANSISTOR AND 
DIODE ARRAYS 


Emitter-to-Base Capacitance 


Q 
m 
wo 


OQ 
oO 
m 


Spice Model (Spice 2G.6) 


-model NPN 

- BF = 2.610E + 02 BR = 4.401E + 00 IS = 6.930E - 16 RB = 130.0E + 00 
+ RC = 1.000E + 01 RE = 7.396E - 01 VA = 6.300E + 01 VB = 2.208E + 00 
+ IK = 1.000E - 01 ISE = 1.87E - 14 NE = 1.653E + 00 IKR = 1.000E - 02 
* ISC = 9.25E - 14 NC = 1.333E + 00 TF = 1.775E - 11 TR = 1.000E - 09 
+ CJS = 1.800E - 12 CJE = 1.010E - 12 PE = 8.350E - 01 ME = 4.460E - 01 
“ CJC = 9.100E - 13 PC = 3.850E - 01 MC = 2.740E - 01 KF = 0.000E + 00 
* AF = 1.000E + 00 EF = 1.000E + 00 FC = 5.000E - 01 PJS = 5.410E - 01 
+ MJS = 3.530E - 01 RBM = 30.00 RBV = 100 IRB = 0.00 


Please Note: No measurements have been made to model the reverse AC operation (tris an estimation) 
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Typical Performance Curves 


NOISE FIGURE (dB) 


Ic (mA) 


tee 


Ig (mA) 


CAPACITANCE (pF) 


CA3227, CA3246 


ty (GHz) 


NOISE FIGURE (dB) 


Ig (mA) 


FIGURE 2. fy vs COLLECTOR CURRENT 


Rsounce = 1kO, Vce = 6V, Ta = +25°C Pallll! 


V% 
FREQUENCY = 10Hz il 


30 


20 


oer 


< — east 
at 
0.01 0.1 1.0 10.0 


Ic (mA) 


BIAS VOLTAGE (V) 
FIGURE 5. CAPACITANCE vs BIAS VOLTAGE 
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CA3227, CA3246 


Die Characteristics 


DIE DIMENSIONS: 
46 x 32 mils CA3227 


47 x 33 mils CA3246 


Metallization Mask Layout 
CA3227 


(14) (13) (12) (11) 


(15) (10) 


(16) (9) 
(1) (8) 


(2) (7) 


(3) (4) (5) (6) 
SUBSTRATE 


CA3246 


SUBSTRATE 
(13) (12), (11), (10) 


(14) 


(1) 


(2) 
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TRANSISTOR AND 


DIODE ARRAYS 


ve s  HFA3046, HFA3096 
smesnwerss ——- HFA3127, HFA3128 


April 1993 Ultra High Frequency Transistor Array 
Features Description 
PEN ARO (0a) igi sin ia ew ee cd eeu cama 8GHz The HFA3046, HFA3096, HFA3127 and the HFA3128 are 
Ultra High Frequency Transistor Arrays that are fabricated 
* NPN Current Gale (pg)... s seer ee cree eeeneess 70 from Harris Semiconductor's complementary bipolar UHF-1 
* PPL Early Volinne (Va): 5 coco tien cn ken ce eee 50V__s process. Each array consists of five dielectrically isolated 
transistors on a common monolithic substrate. The NPN 
* PNP Transistor (ft)...-.--+++++eeeee eee ones 5.5GHz transistors exhibit a fr of 8GHz while the PNP transistors 
e PNP Current Gain (pg)... 2.2.5.0 cece cece ec cees 40 provide a fy of 5.SGHz. Both types exhibit low noise (2.5dB), 
making them ideal for high frequency amplifier and mixer 
e PNP Early Voltage (Va) ezeeceeeseecceneesess ences 25V applications. 
* Noise Figure (502) @ 1.0GHZ...........--... 2.50B The HFA3046 and HFA3127 are all-NPN arrays while the 
e Collector-to-Collector Leakage a nee Eee <1 pA HFA3128 has all PNP transistors. The HFA3096 is a NPN- 
PNP combination. Access is provided to each of the termi- 
¢ Complete Isolation Between Transistors nals for the individual transistors for maximum application 


¢ Pin Compatible with Industry Standard 3XXX Series flexibility. Monolithic construction of these transistor arrays 
provides close electrical and thermal matching of the five 


Arrays ' 
transistors. 
Applicati For PSPICE, package models, S-Parameters as well as cus- 
pplications tom transistor arrays, please contact your local sales office 


e VHF/UHF Amplifiers for more information. 


e VHF/UHF Mixers 


Ordering Information 


PART NUMBER PRODUCT DESCRIPTION 
HFA3046B 14 Lead SOIC 


HFA3096B, HFA3127B, 16 Lead Narrow Body SOIC 
HFA3128B 


e IF Converters 


e Synchronous Detectors 


Pinouts 


HFA3046 HFA3096 HFA3127 HFA3128 


14 and 16 lead SOIC packages are available in narrow body width (150mils). Refer to package outline information. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3076 3 
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Specifications HFA3046, HAF3096, HFA3127, HFA3128 


Absolute Maximum Ratings 


Collector to Emitter Voltage (Open Base).................. 8.0V 
Collector to base voltage (Shorted Base)................ 12.0V 
Emitter to Base Voltage (Reverse Bias).................. 5.5V 
GOhOCtOr Gurren sr PPO PORE EPO 40mA 
Storage Temperature Range ................. -65°C to +150°C 
Operating Temperature Range................ -55°C to +125°C 
MMOMRN TOPNDOIADHG oan. bos cee cdc cacs dss ae +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)...............-. +300°C 


Thermal Information 


Thermal Resistance Bj, Bic 
Plastic 14 SOIC Package ............ 119°C/(W Ss 36°C/W 
Plastic 16 SOIC Package ............ 114°C/W = 35°C/W 

Maximum Package Power Dissipation at +75°C 


prague. SOI TA MAO ae Vesiacca src ee ece ewe cele: 0.63 W 

PmeSUC SOW, 1G POCKeOe os o he.s p i oie coy oc Capea S 0.66 W 

Aly ONO HARGRION iyi. oss) 01 ss pad yatieee ode 0.60 W 
Derating Factor Above +75°C 

Plastic SOIC 14 Package ................0ce eens 8.4mW/C 

PURRNG UN TO TUCO: fee dicuscceeces Saeeners 8.8mW/PC 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static NPN Characteristics at T, = +25°C 


PARAMETERS TEST CONDITIONS 
Collector-to-Base Breakdown Ilo = 100pA, Ie = 0 
Voltage, V(BR)CBO 
Collector-to-Emitter Break- lo = 100pA, Ip = 0 


down Voltage, Vigryceo 


Collector-to-Emitter Break- 
down Voltage, V(BR)CES 


lc = 100A, Base Shorted to 
Emitter 


le = 10pA, Io = 0 


Collector-Cutoff-Current, Ic¢g¢g | Veg = 6V, Ip = 0 
Collector-Cutoff-Current, lcBo Vos = 8V, le = 


Collector-to-Emitter Saturation | lo = 10mA, Ig = 1mA 


Voltage, Vce(san 
lo = 10mA 


Base-to-Emitter Voltage, Vp¢e 
lo = 10mA 


VCE =2V 


Early Voltage, Va lo = 1MA, Veg = 3.5V 
Base-to-Emitter Voltage Drift lo = 10mA 
Collector-to-Collector Leakage 


Dynamic NPN Characteristics at T, = +25°C 


PARAMETERS 


f; Current Gain-Bandwidth 
Product 


Emitter-to-Base Breakdown 
Voltage, V(BR)EBO 


DC Forward-Current Transfer 
Ratio, Nee 


TEST CONDITIONS 


f = 1.0GHz, Voce = SV, 
lo = SMA, Zz = 502 


lo = 1MA, Vog = 5V 


= 10mA Voce 5V 


= 40mA, Vog = 5V 


lo= 
Product, fax 


TY 


~U 


> 
i) 


SN 


6-71 


TRANSISTOR AND 


DIODE ARRAYS 


Specifications HFA3046, HFA3096, HFA3127, HFA3128 


Static PNP Characteristics at T, = +25°C 


PARAMETERS TEST CONDITIONS TYP 


Collector-to-Base Breakdown lo = -100pA, Ie = 0 10 
Voltage, VBR)CBO 


1 


ao 


Collector-to-Emitter Break- lo = -100pA, Ip = 0 
down Voltage, Vigryceo 


Collector-to-Emitter Break- lc = -100p/A, Base Shorted to 
down Voltage, ViBR)CES Emitter 


pay 
or 


Emitter-to-Base Breakdown le = -10pA, Ip = 0 
Voltage, V(BR)EBO 


Collector-Cutoff-Current, Ic6gg | Voge = -6V, lp = 0 
Collector-Cutoff-Current, logo | Vop =-8V, Ie =0 


Collector-to-Emitter Saturation | lo =-10mA, lp =-1mA 
Voltage, VcE(sAT) 


Base-to-Emitter Voltage, Vp¢e lo =-10MA 


DC Forward-Current Transfer | Io =-10mMA, Vog = -2V 
Ratio, Nee 


Early Voltage, Va Io =-1MA, Veg = -3.5V 
Base-to-Emitter Voltage Drift lo =-10mA 


Collector-to-Collector Leakage 


Dynamic PNP Characteristics at T, = +25°C 


PARAMETERS 
Noise Figure f = 1.0GHz, Vcg = -5V, 
lo = -5mA, Zs = 500 


fr Current Gain-Bandwidth lo =-1MA, Veg = -5V 
Product 


TEST CONDITIONS 


lo = -10MA, Vg = -5V 


lo = -40MA, Vog = -5V age 


Power Gain-Bandwidth lo = -10MA, Vog = -5V 
Product 


Base-to-Emitter Capacitance 
Collector-to-Base Capacitance 


Input Offset Voltage lo = 10MA, Veg = 5V 
Input Offset Current Ic = 10MA, Vog = 5V 
Input Offset Voltage TC lo = 10MA, Voge = 5V 


S-Parameter and PSPICE model data is available from Harris Sales Offices. 
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HFA3046, HFA3096, HFA3127, HFA3128 


Die Characteristics 
PROCESS: 
UHF-1 


DIE DIMENSIONS: 
53 x 52x 19 + 1Imils 
1340um x 1320um + 25.4um 


METALLIZATION: 
Type: Metal 1: AlCu(2%)/TiW Type: Metal 2: AlCu(2%) 
Thickness: Metal 1: 8kA+0.4kA Thickness: Metal 2: 16kA+0.8kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 4kA + 0.5kA 


DIE ATTACH: 
Material: Epoxy 


WORST CASE CURRENT DENSITY: 
1.39 x 10° A/cm? 


Metallization Mask Layout 
Pad numbers correspond to package part pin out. 


HFA3096, HFA3127, HFA3128 


an 


1340um 
(53miis) 


BBE e 


}+—— 1320um SUSTSTEE 
(52miis) 


HFA3046 


oH 


1340um 
(53miis) 


HOB 


-}—— 1320,m a 
(52mils) 


rime 
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TRANSISTOR AND 


DIODE ARRAYS 


HFA3046, HFA3096, HFA3127, HFA3128 


Typical Performance Curves 
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ee ee eee 
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1 2 3 4 5 
COLLECTOR TO EMITTER VOLTAGE (V) 


FIGURE 1. NPN COLLECTOR CURRENT vs COLLECTOR TO 
EMITTER VOLTAGE 
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COLLECTOR CURRENT (A) 


FIGURE 3. NPN DC CURRENT GAIN vs COLLECTOR CURRENT 


COLLECTOR CURRENT (mA) 


COLLECTOR TO EMITTER VOLTAGE (V) 


FIGURE 5. PNP COLLECTOR CURRENT vs COLLECTOR TO 
EMITTER VOLTAGE 


COLLECTOR CURRENT 
AND BASE CURRENT (A) 


BASE TO EMITTER VOLTAGE (V) 


FIGURE 2. NPN COLLECTOR CURRENT AND BASE CURRENT 
TO EMITTER VOLTAGE 


GAIN BANDWIDTH PRODUCT (GHz) 


0.1 1.0 10 100 
COLLECTOR CURRENT (mA) 


FIGURE 4. NPN GAIN BANDWIDTH PRODUCT vs COLLECTOR 
CURRENT (UHF 3 x 50 WITH BOND PADS) 


COLLECTOR CURRENT 
AND BASE CURRENT (A) 


BASE TO EMITTER VOLTAGE (V) 


FIGURE6. PNP COLLECTOR CURRENT AND BASE CURRENT 
TO EMITTER VOLTAGE 
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HFA3046, HFA3096, HFA3127, HFA3128 


Typical Performance Curves (Continued) 
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FIGURE 7. PNP DC CURRENT GAIN vs COLLECTOR 
CURRENT 
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GAIN BANDWIDTH PRODUCT (GHz) 


"0.1 -1.0 -10 -100 
COLLECTOR CURRENT (mA) 


FIGURE 8. PNP GAIN BANDWIDTH PRODUCT vs COLLECTOR 
CURRENT (UHF 3 x 50 WITH BOND PADS) 
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SPECIAL ANALOG CIRCUITS 


SPECIAL ANALOG CIRCUITS DATA SHEETS 


CA555, 
LM555 


CA1391, 
CA1394 


CA3089 
CA3126 
CA3189 
CA3194 
CA3217 
CA3256 
CD22402 
HA-2546 
HA-2547 
HA-2556 
HA-2557 
HA7210 
HFA5250 
ICL8013 
ICL8038 


ICL8048, 
ICL8049 


ICM7242 


ICM7555, 
ICM7556 


Timers for Timing Delays and Oscillator Applications in Commercial, Industrial and 


Military Equipment...... 


BiMOS Analog Video Switch and Amplifier ............ 0. cccec ccc ccccccccccucccces 


Sync Generator for TV Applications and Video Processing Systems ................05. 


Wideband Two Quadrant Analog Multiplier ............. ccc cece cece cece ceucuccencs 


Wideband Two Quadrant Analog Multiplier .......... 0.0... ccc cece cece ccc cccccucee 


Wideband Four Quadrant Voltage Output Analog Multiplier....................... 


Wideband Four Quadrant Current Output Analog Multiplier....................... 


la ONO TOU TN ss oooh han ooo hee a 


Long Range Fixed Timer 


General Purpose Timers 


NOTE: Bold Type Designates a New Product from Harris. 
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CA555, LM555 


Timers for Timing Delays and Oscillator Applications 


March 1993 


Features 


Accurate Timing from Microseconds through Hours 
Astable and Monostable Operation 

Adjustable Duty Cycle 

Output Capable of Sourcing or Sinking up to 200mA 
Output Capable of Driving TTL Devices 

Normally ON and OFF Outputs 

High Temperature Stability.............. 0.005%/°C 
Directly Interchangeable with SE555, NE555, MC 1555, 
and MC1455 


Applications 


¢ Precision Timing 
¢ Sequential Timing 
e Time Delay Generation 


e Pulse Generation 

e Pulse Detector 

e Pulse Width and Position 
Modulation 


Ordering Information 


|_PARTNO. | TEMP.RANGE | PACKAGE 


0°C to +70°C 8 Lead Plastic DIP 
LM555CN 0°C to +70°C 8 Lead Plastic DIP 


in Commercial, Industrial and Military Equipment 


Description 


The CA555 and CA555C are highly stable timers for use in 
precision timing and oscillator applications. As timers, these 
monolithic integrated circuits are capable of producing accu- 
rate time delays for periods ranging from microseconds 
through hours. These devices are also useful for astable 
oscillator operation and can maintain an accurately con- 
trolled free running frequency and duty cycle with only two 
external resistors and one capacitor. 


The circuits of the CA555 and CA555C may be triggered by 
the falling edge of the waveform signal, and the output of 
these circuits can source or sink up to a 200mA current or 
drive TTL circuits. 


These types are direct replacements for industry types in 
packages with similar terminal arrangements e.g. SE555 
and NE555, MC 1555 and MC 1455, respectively. The CA555 
type circuits are intended for applications requiring premium 
electrical performance. The CA555C type circuits are 
intended for applications requiring less stringent electrical 
characteristics. 


Technical data on LM branded types is identical to the corre- 
sponding CA branded types. 


“ Denotes Tape and Reel 
Pinouts Functional Diagram 
CA555, CA555C, LM555C (PDIP, SOIC) 
TOP VIEW Ve 3 - TRIGGER 
9 vorrmce®D @ 
TRIGGER | 2] DISCHARGE y ; 
4 
OUTPUT | 3. 16 | THRESHOLD y ; 
é 
RESET [4] [5] CONTROL 2 ee , 
VOLTAGE 2 ot re © 
6) THRESHOLD y 
; 4 COMPAR y 
TO-5 Style Package with Formed Leads = , y 
6 
CA555, CA555C, LM555C (METAL CAN) y bo i 
TOP VIEW , : 
Y y 
oe Reriar ; 
, = y 
GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 


SPECIAL ANALOG 
CIRCUITS 


Specifications CA555, CA555C, LM555 


Absolute Maximum Ratings 
Bie DEN MONOD oy oes va che sos «ooh oes 18V 
Power Dissipation 
Ae NS oS cca cng kk cc's ce Vo poeta 600mW 
Above Tym 4656 6d. Ia Ea8 Derate Linearly 5nw/C 
SMMC RNA IDEM in hi wpe: axe w-arermaane tee +175°C 
Junction Temperature (Plastic Packages)............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


Operating Conditions 
Operating Temperature Range 
WN RSPR ERIS 655 voick a Sawa vaca wees -55°C to +125°C 
eR cae'¢-p vk «iene VR eae SD hee ee 0°C to +70°C 
Storage Temperature Range................6. -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 


PARAMETER SYMBOL 


DC Supply Voltage 


DC Supply Current (Low State), V+ = 5V, Ri =00 
Note 1 Via 15V,R, =o 


V+ 

I+ 
Threshold Voltage 

ItH 


Trigger Voltage 


a 
Tvesbos Curent Now? | im 


ane 
cope 
———_—— 


Output Voltage 
Low State 


Output Voltage 
High State 


rs 


a far 4 
Sis 
2 18 
wy 
re) 
m 
il 
n> 
oO 
3 


Timing Error (Monostable) 

Frequency Drift with Temperature = 5V, V+ = 15V 
Drift with Supply Voltage 

OumtricoTine |e 


NOTES: 


TEST CONDITIONS 


rie as 
a|< a|< 
< < 


mA 


Voi V+ = 5V, Isink = 5mA 
V+ = 15V, Iginx = 10 
= 100mA 


Vou V+ = 5V, lsource = 100m 
mA 


R;, Ro = 1kQ to 100kQ, 
C =0.1pF Tested at V+ = 


om DQ 
z z 
x x 
3 
> 


a 

< 
S 
= 
D 
° 
m 


Ta = +25°C, V+ = 5V to 15V Unless Otherwise Specified 


ell 8 


> 
e 
rs 
> 
ze 
rs: 


Oo ro) : 

¢ : ro) 

=) oO = im 

¢ b ro) 
BE 3 

NI 

a 


~ 
Sy ]N 
on 


cod 
nN 
~ 
on 


LEE ated ak! 
elie: 


1. When the output is in a high state, the DC supply current is typically 1mA less than the low state value. : 
2. The threshold current will determine the sum of the values of R, and Raz to be used in Figure 14 (astable operation); the maximum total 


Ry + Rp = 20MQ. 


7-4 


Schematic Diagram 


y THRESHOLD 
COMPARATOR 
4.7K 830 

D1 
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é é 
a 
; ; 
2 6 
6 6 
4 6 
y y 
y 10K y 
y ; 

CONTROL { a. y 


(Ss) 


OP IIIAIPIAPIIAIAAAATAAAAaAaAG 
6 


TRIGGER / 
o y RESET 


RESET 


etad 


6 
6 


Qé 
Or DISCHARGE 
bea PLLLsLttid waaeseaaniae 
V- 


“ 
Poneorenscncccccccccececcccccccnscccaneccoccesccoccoe=acescncececcsscacacccs I Pit 


Typical Performance Curves 


MINIMUM PULSE WIDTH (ns) 


0 0.1 
MINIMUM TRIGGER (PULSE) VOLTAGE (x V+)* 
*Where x is the decimal multiplier of the supply voltage 


FIGURE 1. MINIMUM PULSE WIDTH vs MINIMUM TRIGGER 
VOLTAGE 


0.3 


CA555, CA555C, LM555 


CA555 AND CA555C 


TRIGGER 
COMPARATOR 


100 


RESISTANCE VALUES ARE IN 2 


SUPPLY CURRENT (mA) 
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FLIP-FLOP 


e 


: 
E 


- 
=) 
a 


g 


2 
a 


~ 
° 


Q18 


R 


10 


12.5 
SUPPLY VOLTAGE (V) 


OUTPUT 


FIGURE 2. SUPPLY CURRENT vs SUPPLY VOLTAGE 


SPECIAL ANALOG 
CIRCUITS 


CA555, CA555C, LM555 


Typical Performance Curves 


= 
y = 
” 
: 
3 : 
. od 
B 
. E 
2 3 
|] 
” 
SOURCE CURRENT (mA) SINK CURRENT (mA) 
FIGURE 3. OUTPUT VOLTAGE DROP (HIGH STATE) vs FIGURE 4. OUTPUT VOLTAGE LOW STATE vs SINK 
SOURCE CURRENT CURRENT AT V+ = 5V 
10.0 
= = 
2 . : 1.0 Se GREE a: 
ol aa 
o 
g : 
g Sos 
0.01 
1 
SINK Bees (mA) SINK CURRENT (mA) 
FIGURE 5. OUTPUT VOLTAGE LOW STATE vs SINK FIGURE 6. OUTPUT VOLTAGE LOW STATE vs SINK 
CURRENT AT V+ = 10V CURRENT AT V+ = 15V 


1.100 
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aed 985 
12.5 17.5 75 50 -25 0 25 50 75 100 125 
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) 
FIGURE 7. DELAY TIME vs SUPPLY VOLTAGE FIGURE 8. DELAY TIME vs TEMPERATURE 
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CA555, CA555C, LM555 


Typical Performance Curves 


PROPAGATION DELAY TIME (ns) 


0.2 


MINIMUM TRIGGER (PULSE) VOLTAGE (x V+) * 
*Where x is the decimal multiplier of the supply voltage 


FIGURE 9. PROPAGATION DELAY TIME vs TRIGGER VOLTAGE 


Typical Applications 
Reset Timer (Monostable Operation) 


Figure 10 shows the CA555 connected as a reset timer. In this 
mode of operation capacitor Cr is initially held discharged by 
a transistor on the integrated circuit. Upon closing the “start” 
switch, or applying a negative trigger pulse to terminal 2, the 
integral timer flip-flop is “set” and releases the short circuit 
across Cy which drives the output voltage “high” (relay ener- 
gized). The action allows the voltage across the capacitor to 
increase exponentially with the constant t= R,Cy7. When the 
voltage across the capacitor equals 2/3 V+, the comparator 
resets the flip-flop which in turn discharges the capacitor rap- 
idly and drives the output to its low state. 


ALL RESISTANCE VALUES ARE IN Q 


FIGURE 10. RESET TIMER (MONOSTABLE OPERATION) 


Since the charge rate and threshold level of the comparator 
are both directly proportional to V+, the timing interval is rel- 
atively independent of supply voltage. variations. Typically, 
the timing varies only 0.05% for a 1V change in V+. 


Applying a negative pulse simultaneously to the reset termi- 
nal (4) and the trigger terminal (2) during the timing cycle 
discharges Cy and causes the timing cycle to restart. 
Momentarily closing only the reset switch during the timing 
interval discharges Cy, but the timing cycle does not restart. 


Figure 11 shows the typical waveforms generated during this 
mode of operation, and Figure 12 gives the family of time 
delay curves with variations in R,; and Cr. 


y SWITCH S1 “OPEN” 


INPUT 
VOLTAGE (TERMINAL 2) 
SWITCH S1 “CLOSED” 


CAPACITOR 
VOLTAGE (TERMINALS 6, 7) 
0 


tp 
5V swoveevcecenconcccoccoecccoeccecces 
OUTPUT 
VOLTAGE 5 
(TERMINAL 3) - w 
0 pa 
<3 
er 
FIGURE 11. TYPICAL WAVEFORMS FOR RESET TIMER < = 
i 
o. 
77) 


102 
TIME DELAY(s) 


FIGURE 12. TIME DELAY vs RESISTANCE AND CAPACITANCE 


CA555, CA555C, LM555 


Repeat Cycle Timer (Astable Operation) 


Figure 13 shows the CA555 connected as a repeat cycle 
timer. In this mode of operation, the total period is a function 
of both R, and Ro. 


Top Trace: Output voltage (2V/div. and 0.5ms/div.) 
Bottom Trace: Capacitor voltage (1V/div. and 0.5ms/div.) 


FIGURE 14. TYPICAL WAVEFORMS FOR REPEAT CYCLE TIMER 


100 
FIGURE 13. REPEAT CYCLE TIMER (ASTABLE OPERATION) 


Se es, cc 


_ 
o 


T = 0.693 (Ry + 2Ro) Cr =t)+to 


/ 
Z 
/ 


where t, = 0.693 (R; + Ro) Cr el 
and ty = 0.693 (R») Cr g 1 a 2 
the duty cycle is: 5 
So oo4 : . h ; : 
aE” Re i eS ease 
ty tt, Ry +2Ro ae : . . 
Typical waveforms generated during this mode of operation pap fv 88) NaN ware 


are shown in Figure 14. Figure 15 gives the family of curves 0.001 
of free running frequency with variations in the value of (R, + 10" 1 
- 2Ro) and Cr. 


10 10? 10° 104 10° 
FREQUENCY (Hz) 


FIGURE 15. FREE RUNNING FREQUENCY OF REPEAT CYCLE 
TIMER WITH VARIATION IN CAPACITANCE AND 
RESISTANCE 


@ HARRIS CA1391, CA1394 


March 1993 TV Horizontal Processors 
Features Description 
e CA1391E - Positive Horizontal Sawtooth Input The Harris CA1391E and CA1394E are monolithic 
integrated circuits designed for use in the low-level 
¢ CA1394E - Negative Horizontal Sawtooth Input horizontal section of monochrome or color television 


receivers. Functions include a phase detector, an oscillator, 


© Ree rls eer a regulator, and a pre-driver. 


* Linear Balanced Phase Detector The CA1391E and CA1394E are electrically equivalent and 

° Preset Hold Control Capability pin compatible with industry types 1391 and 1394 in similar 
packages. 

© PUN . cr ceei reer ers eet Tete eT +300Hz (Typ.) 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
CA1391E 0°C to +85°C 8 Lead Plastic DIP 
CA1394E 0°C to +85°C 8 Lead Plastic DIP 


e Low Thermal Frequency Drift 


Small Static Phase Error 


¢ Variable Output Duty Cycle 
¢ Adjustable DC Loop Gain 


Pinout Functional Block Diagram 
CA1391, CA1394 arias 
(PDIP) DETECTOR OSCILLATOR 
TOP VIEW OUTPUT V+ TIMING 


PHASE 
DETECTOR 
OUT 


od 
aq” 
a 
q 25 
MARK-SPACE 2 be 
RATIO 5 oO 
Lu 
a 
7) 
HORIZONTAL 
SAWTOOTH (4) (1) OUTPUT 
INPUT 
SYNC GROUND 
INPUT 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 981 2 
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Specifications CA1391, CA1394 


Absolute Maximum Ratings T, = +25°C, Unless Operating Conditions 
Otherwise Specified 

ON CRRIOIG ogooe e s obs ce we Cee ees 40mA Operating Temperature Range .................. 0°C to +85°C 
Pe CMR II Fone oss ky ob ks Gu acs tae eo aes a 40V Storage Temperature Range.................. -65°C to +150°C 
Pree CANTON Soo o0s CE AS. ao hice ctreces 30mA 
a rs 5s pad hesea kalebin ke 5Vp.p 
SUMO HRT OMI So ois co kk so nc cv oes biwesacbicuei’s 5Vp.p 
Power Dissipation 

SN WE ss o's piss a vu cv eka awe eae 625mW 

Above Tp = 425s oo er ER. eS Derate Linearly 5nW/C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)..............6.. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 1, = +25°C (See Figure 2) 


PARAMETERS 


Supply Voltage 


Free Running Frequency 


Output Leakage 


Output Saturation 


TEST CONDITIONS 


$1, $5, S6=2 
S2, S3, S4, S7, S8 = 1 
Measure Terminal 6 to GND 


$1, $5, S6 =2 
$2, S3, S4, S7, S8 = 1 
Counter to Terminal 1 


S2, S3, S6, S8 = 1 
$1, $4, $5, S7 =2 
Measure Terminal 1 to 25V 


$2, $3, $5, S6, S8 = 1 
$i, $4,S7 =2 
Measure Terminal 1 to GND 


Phase Detector Bias 


Phase Detector Leak 


Phase Detector Low 


$2, S5, S6, S8 = 1 
$1, S3, S4, S7 =2 
Measure Terminal 3 to GND 


$5, S8 = 1 
$1, S2, S3, $4, S6, S7 =2 
Measure Terminal 5 to +4V 


$1, S5, S8 = 1 
$2, S3, $4, S6, S7 =2 
Measure Terminal 5 to +4V 


-0.55 
(Note 1) 


Phase Detector High $1, $5, S6, S8 = 1 +0.55 
$2, $3, S4, S7 =2 (Note 1) 
Measure Terminal 5 to +4V 


Sync Diode $1, S2, S3, $4, S6, S7 = 1 
$5, $8 =2 


Satis Phase Ero Soo Figure ie ae ae 
Oseaor Holdin ange er 


NOTE: 
1. Polarity reversed in the CA1391. 
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CA1391, CA1394 


Schematic Diagram 
: OSC. : 
PRE- ? TIMING : V+ 
DRIVER : OSCILLATOR : 


NOTE: All resistances are in Q 


Circuit Operation (See Schematic Diagram) 


The CA1391 and CA1394 contain the oscillator, phase 
detector, and predriver sections necessary for the television 
horizontal oscillator and AFC loop. 


The oscillator is an RC type with terminal 7 used to control the 
timing. If it is assumed that Q7 is initially off, then an external 
capacitor connected from terminal 7 to ground charges 
through an external resistance connected between terminals 
6 and 7. As soon as the voltage at terminal 7 exceeds the 
potential set at the base of Q8 by resistors R11 and R12, Q7 
turns on, and Q6 supplies base current to Q5 and Q10. Tran- 
sistor Q5 discharges the capacitor through R4 until the base 
bias of Q7 falls below that of Q8 at which time, Q7 turns off, 
and the cycle repeats. 


The sawtooth generated at the base of Q4 appears across R3 
and turns off Q3 whenever the sawtooth voltage rises to a value 
that exceeds the bias set at terminal 8. By adjusting the poten- 
tial at terminal 8, the duty cycle at the pre-drive output (terminal 
1) may be changed. The phase detector is isolated from the 
remainder of the circuit by R31, Z2, Q15 and Q16. The phase 
detector consists of the comparator Q22 and Q23, and the 
gated current source Q18. Negative going sync pulses at termi- 
nal 3 turn off Q17, and the current division between Q22 and 
Q23 is then determined by the phase relationship of the sync 
and the sawtooth waveform at terminal 4, which is derived from 
the horizontal flyback pulse. If there is no phase difference 
between the sync and sawtooth, equal currents flow in the col- 
lectors of Q22 and Q23 during each half of the sync pulse 


PHASE 


REGULATOR DETECTOR 


R31 


(3) SYNC INPUT 


period. The current in Q22 is turned around by current mirror 
Q20 and Q21 so that there is no net output current at terminal 5 
for balanced conditions. When a phase offset occurs, current 
flows either in or out of terminal 5. In circuit applications, this 
terminal is connected to terminal 7 through an external low 
pass filter, thereby controlling the oscillator. 


Shunt regulation for the circuit is obtained by using a Ver 
and zener multiplier. Resistors R13 and R14 multiply the Ver 
of Q11, and the ratio of R15 and R16 multiplies the voltage 
of the zener diode 21. 


Ta = +25°C 
FREE RUNNING FREQUENCY = 15734Hz 


VOLTAGE AT TERM. 8 (THROUGH 1kQ) 


POSITIVE PULSE WIDTH AT TERM. 1 (1s) 


FIGURE 1. DUTY CYCLE AT THE PRE-DRIVE OUTPUT (TERM. 1) 
AS IT IS AFFECTED BY THE INPUT AT TERM. 8 
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+25V 62002  +6V 


150Q 


150Q 


FIGURE 2. DC TEST CIRCUIT 


10W 2.4kQ 


IE Srna 


FIGURE 3. TYPICAL CIRCUIT APPLICATION 


7-12 


FARRIS 


SEMICONDUCTOR 


wo 


March 1993 


Features 


e For FM IF Amplifier Applications in High-Fidelity, Automotive, 
and Communications Receivers 


Includes: IF Amplifier, Quadrature Detector, AF Preamplifier, 
and Specific Circuits for AGC, AFC, Muting (Squeich), and Tun- 
ing Meter 


e Exceptional Limiting Sensitivity.............. 12y:V (Typ.) 
at -3dB Point 

¢ Low Distortion: ..... (with Double-Tuned Coil) - 0.1% (Typ.) 

¢ Single-Coil Tuning Capability 

e High Recovered Audio. ...............e000- 400mvV (Typ.) 


¢ Provides Specific Signal for Control of Interchannel Muting 
(Squeich) 


¢ Provides Specific Signal for Direct Drive of a Tuning Meter 
-¢ Provides Delayed AGC Voltage for RF Amplifier 

e Provides a Specific Circuit for Flexible AFC 

e Internal Supply-Voltage Regulators 


Ordering Information 


[PART NUMGER | TEMPERATURE ANGE | PACKAGE 
case | acest |i lasa Paste 
casos | _wcw.asre favieasoe 


CA3089 


FM IF System 


Description 


Harris CA3089 is a monolithic integrated circuit that 
provides all the functions of a comprehensive FM-IF 
system. The block diagram shows the CA3089 fea- 
tures, which include a three-stage FM-IF amplifier/ lim- 
iter configuration with level detectors for each stage, a 
doubly-balanced quadrature FM detector and an audio 
amplifier that features the optional use of a muting 
(squelch) circuit. 


The advanced circuit design of the IF system includes 
desirable deluxe features such as delayed AGC for the 
RF tuner, and AFC drive circuit, and an output signal to 
drive a tuning meter and/or provide stereo switching 
logic. In addition, internal power supply regulators main- 
tain a nearly constant current drain over the voltage 
supply range of +8.5V to +16 V. 


The CA30839 is ideal for high-fidelity operation. Distor- 
tion in a CA3089 FM-IF System is primarily a function 
of the phase linearity characteristic of the outboard 
detector coil. 


CA3089 
(PDIP, CDIP) 
TOP VIEW 


16] NC 

45] DELAYED AGC 

14] SUBSTRATE (GND) 
13] TUNING METER OUT 
42] MUTE LOGIC 


IF IN [1 

INPUT BYPASS | 2' 
DC FB BYPASS | 3| 
FRAME GND | 4, 
MUTE CONTROL [5 
AUDIO OUT | 6| 
AFC OUT 

IF OUT | 8 


| 9] QUADRATURE INPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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CA3089 
(SOIC) 
TOP VIEW 


20] GND 

19] DELAYED AGC 

18] GND 

17] SUBSTRATE (GND) 
16] TUNING METER OUT 


GND | 1| 

IF IN [2] 

INPUT BYPASS [3] 
DC FB BYPASS [ 4) 
FRAME GND [ 5) 


MUTE CONTROL | 6| 15] MUTE LOGIC 
AUDIO OUT 14] V+ 
AFC OUT | 8. 13] REF BIAS 
IF OUT | 9) 12] QUADRATURE INPUT 


GND /10 41] NC 


File Number 561.2 


Specifications CA3089 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage Operating Temperature Range .............. -40°C < Ty < +85°C 
Between V+ and Frame GND................ cece eee 16V Storage Temperature Range............... -65°C < Ty s +150°C 
Between V+ and Substrate GND ................00 cee 16V 

DC Current (Out of Delayed AGC). .......... 0... ce eee 2mA 

Power Dissipation 
SPERM Ck EN 6 bos ks Vd lw <n 9 See te 600mW 
Above T, = +60°C............008- Derate Linearly 6.7mW/C 

MCANONE: CUNTU I oon a oh nca-a:ie since eceseeenth eo oaiacgus +175°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)..............08: +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


LIMITS 
Halll Bio Bs 


Electrical Specifications , = +25°C, V+ = 12V (See Figures 3 and 4) 


PARAMETERS (Note 2) TEST CONDITIONS 


STATIC (DC) CHARACTERISTICS 


Quiescent Circuit Current 


DC Voltages: 


No signal input, Non muted 


Terminal 1 (IF Input) 


ho 


Terminal 2 (AC Return to Input) 


Terminal 3 (DC Bias to Input) 


fs 


Terminal 6 (Audio Output) 


Terminal 10 (DC Reference) 


elele fal ale 


DYNAMIC CHARACTERISTICS 


Input Limiting Voltage (-3dB point), V, (lim) cee 


AM Rejection (Term. 6), AMR Vin = 0.1V, 
AM Mod. = 30% 


Total Harmonic Distortion, THD: (Note 1) 
Single Tuned (Term. 6) 
Double Tuned (Term. 6) 

Signal plus Noise to Noise Ratio (Term. 6) 


NOTES: 
1. THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 
2. Terminal numbers refer to 16 pin DIP. 


< 


fo = 10.7MHz, 
fuop = 400Hz, 
Deviation = +75kHz 


3 
< 


ae 


QD 
a 
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Block Diagram 
ers2erere 4 
é L* ‘ 
‘ eS . 
QUADRATURE __ } ; 
INPUT | } ; 
4 : 
V+ 22uH Y . 
TOINTERNAL (11) IF REFERENCE 
REGULATORS OUT On ecar BIAS 
AFC 
OUTPUT 
o ie AUDIO 
z 4 OUTPUT 
s (66 
, 6 
0.02 bE 0.02uF MUTING 
a (2) =i SENSITIVITY 
= tt o 
DELAYED 34 
AGC FOR 
RF AMPL 
QD 470 120K 
10K FRAME SUBSTRATE 500K 


TO STEREO 
150uA 
QO © arene (13) 2 THRESHOLD 
33K TUNING METER OUTPUT “LOGIC CIRCUITS 


All resistance values are in Q 

*L Tunes with 100pF (C) at 10.7MHz 

Qo = 75 (G.I. EX22741 or equivalent) 
Pin numbers refer to 16 pin DIP 


CIRCUITS 


SPECIAL ANALOG 
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Schematic Diagram 


IF AMPLIFIER 


IF 
INPUT 
(1) 
SEE 
(2) NEXT 
PAGE 


INPUT >Re 
BYPASSING ¢ 30K 


G5) AGC FOR (3) TUNING 
RF AMPL. METER 


Pin numbers refer to 16 pin DIP 


LEVEL DETECTOR & METER CIRCUIT 
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Schematic Diagram (continued) 


QUADRATURE REF IF 
) INPUT BIAS ib i OUT 


DETECTOR 


AFC AMPLIFIER 


if SUBSTRATE 


10 | Rss 
50 
MUTE 
V (2) Loaic 


MUTE DRIVE 


All resistance values are in Q 
All capacitance values are in pF 
Pin numbers refer to 16 pin DIP 
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CURRENT INTO TERMINAL 7 (A) 


CHANGE IN FREQUENCY (kHz) 


FIGURE 1. AFC CHARACTERISTICS (CURRENT AT TERM. 7) 
AS A FUNCTION OF CHANGE IN FREQUENCY. 
(SEE TEST CIRCUIT FIGURE 3.) 


RECOVERED AUDIO (dB) 
MUTING CONTROL AT MAXIMUM RESISTANCE 


V+ = 12V, Tg = +25°C 
6 


RECOVERED AUDIO FROM FULL OUTPUT 
(LEFT COORDINATE) 


i=] 


t 
ade 
So 


ee ae 


TUNER AGC DC VOLTAGE AT re 
TERM. 15 (RIGHT COORDINATE) a 
0 i > 


8 


8 


VOLTAGE AT TERM. 13 3 
METER CIRCUIT (33kQ TO GND 
(RIGHT COORDINATE) ‘ 


4 
o 


% 


a 
x 
ie 
ay 
a 


- 
\ 


INPUT SIGNAL (:V) 


FIGURE 2. MUTING ACTION, TUNER AGC, AND TUNING 
METER OUTPUT AS A FUNCTION OF INPUT SIG- 
NAL VOLTAGE. (SEE TEST CIRCUIT FIGURE 3.) 


All resistance values are in Q 
* L tunes with 100pF (C) at 10.7MHz 
Qo (unloaded) = 75 (G.I. Automatic Mfg. Div. EX22741 or equivalent) 


FIGURE 3. TEST CIRCUIT FOR CA3089E USING A SINGLE- 
TUNED DETECTOR COIL. 
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All resistance values are in Q 


*T PRI. - Q, (unloaded) = 75 (tunes with 100pF (C,) 207 of 34e on 


7/39” dia. form) 
SEC. - Qo (unloaded) = 75 (tunes with 100pF (C,) 20T of 34e on 
7/50” dia. form) 
kQ (percent of critical coupling) = 70% 
(Adjusted for coil voltage V¢) = 150mV 


Above values permit proper operation of mute (squelch) circuit “E” 
type slugs, spacing 4mm. 


FIGURE 4. TEST CIRCUIT FOR CA3089E USING A DOUBLE- 
TUNED DETECTOR COIL. 


CA3089 


(A) BOTTOM VIEW OF PRINTED CIRCUIT BOARD 


(B) COMPONENT SIDE - TOP VIEW 


FIGURE 5. ACTUAL SIZE PHOTOGRAPHS OF THE CA3089E & OUTBOARD COMPONENTS MOUNTED ON A PRINTED-CIRCUIT BOARD. 


Lees 


V+ = 12V 


All resistance values are in Q 
* Waller 4SN3FIC or equivalent 
** Murata SFG 10.7mA or equivalent 


*** L tunes with 100pF (C) at 10.7MHz = 
Qo unloaded = 75 (G.I. EX22741 or equivalent) 


Performance data at fo = 98MHZ, fyop = 400Hz, Deviation = +75kHz: 


-3dB Limiting Sensitivity ..................2yV (Antenna Level) 
20dB Quieting Sensitivity ................. 1pV (Antenna Level) 
30dB Quieting Sensitivity ............... 1.5pV (Antenna Level) 


FIGURE 6. TYPICAL FM TUNER USING THE CA3089E WITH A SINGLE TUNED DETECTOR COIL 
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Features Description 


The Harris CA3126 is a monolithic silicon integrated circuit 
designed for TV chroma processing and is ideally suited for 
NTSC color graphic applications that require subcarrier 
regeneration of the color burst signal. 


e Phase Locked Subcarrier Regeneration Utilizes 
Sample-and-Hold Techniques 


e Automatic Chrominance Control (ACC)Killer Detector 
Employs Sample-and-Hold Techniques 


¢ Supplementary ACC with an Overload Detector to 


Prevent Oversaturation of this Picture Tube Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


CA3126E -40°C to +85°C 16 Lead Plastic DIP 


CA3126Q -40°C to +85°C 16 Lead Quad-in-Line 
Plastic DIP 


CA3126M1 -40°C to +85°C 20 Lead SOIC 


Sinusoidal Subcarrier Output 
e Keyed Chroma Output 


e Emitter Follower Buffered Outputs for Low Output 
impedance 


Linear DC Saturation Control 


Applications 

¢ TV/CATV Receiver Circuits 

¢ NTSC Color Decoder/Processor 

¢ Computer Graphics Subcarrier Regenerator 
¢ Timing Reference for Frame Grabbers 

¢ DSP Clock Timing Reference Source 


Pinouts 
CA3126 CA3126 
(PDIP, QUAD FLATPACK) (SOIC) 
TOP VIEW TOP VIEW 
CHROMA IN | 1 | 16 | CHROMA GAIN CONT. CHROMA IN | 1 20] CHROMA GAIN CONT. 
AFPC FILTER + | 2 | 145] CHROMA OUT AFPC FILTER + | 2 | 19] CHROMA OUT 


18] NC 


AFPC FILTER - 14 | ZENER REF 
AFPC FILTER - 17| ZENER REF 
RF BYPASS | 4. 43 | OVERLOAD DET. a 
RF BYPASS | 5 16 | OVERLOAD DET. 
GROUND | 5 | 42] V+ 
GROUND | 6 | 45] V+ 
VCO OUT | 6 | 41 | ACC+ 
VCO OUT 14] ACC + 
VCOIN |7 ACC- 
Ra 10] VCOIN | 8| 13] ACC - 
CARRIER OUT | 8 | | 9 | HORIZ. KEY IN ne [o = ee 
NC |10 CARRIER OUT 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 860.2 
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Specifications CA3126 


Absolute Maximum Ratings (T, = +25°C) 
Power Dissipation 
MA OI oo os osc cea ve one be oe Eh ama ee cee 750mW 
Above T= -55C . cece cence Derate Linearly 7.9mW/PC 
DC Supply Voltage (V+ to GND)*...................000- 13.2V 
DC Current: 
eRe Nes vse yp wines baw ha Se wee ba Cee 38mA 
Into Zener Reference Pin ............c cece ee cc ceeees 20mA 
DC Voltage (Horizontal Key In) 
PU PURI 5 cn cece veo owen Fadete ch ce ns CES -5V 
POUND sik 06 Cg oka b oo ba es ESA RAE os ots A 3V 
Junction Temperature (Plastic Packages)............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


* This rating does not apply when using the internal zener reference 
in conjunction with an external pass transistor. 


Operating Conditions 
Operating Temperature Range ................. -40°C to +85°C 
Storage Temperature Range...............06. -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications — T, = +25°C, chroma control at maximum position for all characteristics tests except for chroma output 
test. For this test, control should be set at minimum position. Electrical characteristics referenced to test 


circuit, Figure 1. 


TERMINAL, 
MEASUREMENT 
AND SYMBOL 


PARAMETERS 
DC ELECTRICAL SPECIFICATIONS 


eovonen |e 
SWITCHING ELECTRICAL SPECIFICATIONS (Note 1) 


vanounourser | wo [we [ wae 


11.2 


BE 


0.5Vp.p 


0.5Vp.p 
0.5Vp.p 


> 
© 3 


0:1Vep 


< 
© 
< 


1. Except for pull-in range testirig, tune oscillator trimmer capacitor for free running frequency of 3.579545MHz +10Hz. 
2. Set Switch 1 to Position 2, detune oscillator +250Hz, set Switch 1 to Position 1, and check for oscillator pull-in. 
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Block Diagram 
TV CHROMA PROCESSOR 

AFPC 

FILTER 0.01yF 

1. CRYSTAL 

RF SE 0 — FILTER 20pF or 
BYPASS .01uF 
ome ft eau ae 
ess < = OlORO 10pF 


CARRIER 
SIGNAL OUTPUT 
SAMPLE 
& HOLD 5 SUPPLY 
VOLTAGE 
(8) +24V 
BIAS 0.01,F 
SAMPLE 
& HOLD 2702 


CHROMA 
INPUT 
s 
0.01pF CHROMA 
To OUTPUT 
TERM. 12 ity ; 
MANUAL Y) 
CHROMA GAIN 
CONTROL 
10 QB 
kQ 
50kQ 7 uF 
12kO citer 
FILTER 
gore a Phagy 
UNBALANCE 2k) —sS## WIDTH 
aeraaaat TCE: HORIZONTAL 
SUBSTRATE KEY INPUT 


* Optional design features 
Pinout numbers refer to CA3126E & CA3126Q 
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Schematic Diagram 


(4) RF BYPASS 


AFPC DETECTOR 


u 
i) 
> 


SINGLE SAMPLE 
AND HOLD 


oon 


FIRST CHROMA 
AMPLIFIER 


Rt Rit: = ane (me 
300 1.3KE : 
R2 RS : 
700 700 : 


v 


SECOND CHROMA 
AMPLIFIER 


G 
SIGNAL SAMPLE 
Sear: 


= 
seidas ie AND HOLD 
RS7 
2K 


Q72 
R59 
2K 
ZENER 
. REFERENCE 
D1 


xm 


vwozEir 


TI iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


CIRCUITS 


SPECIAL ANALOG 


eceececcece 
R79 
300 


OVERLOAD 
DETECTOR 


= 
3 


OVERLOAD DETECTOR = z 


CCCOCCCCHSHRESCHRRORRARECCREHTHSERESETASHEREHeReeeeeeeeeeeeeReAeeeeeeeeaeeseaeeeseeeeeeeaees cease Res, Ieee ee. Um IESE s0ecTeccccecceveccccccscoceoccucgesvecconcccecscece 
GROUND ZENER 
(5) (SUBSTRATE) (14) REFERENCE 


Pin numbers refer to CA3126E and CA3126Q. Resistance values are in Q 
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Schematic Diagram (Continued) 
AFPC FILTER XTAL FILTER CARRIER 
OUTPUT 


Porm nett Nee meara nencay pameeerteeecnnrn Naeem, 
2) © 8) QO 8) 


BALANCED BIASSAMPLE i 
PHASE SHIFTER ANDHOLD : 
Sere wR SAS EE BASS : A Se RR | Se Se ae ee 

td 


ei 
cial 
4 5 Lh 


oO Ww 


at" 


Q19 
R36 
R32 
750 2.2K 
OSCILLATOR 


G avevescvccecccscesensdecsovcecesccccccccescccccscccccescccceccececccessocessssesnccceosees 


PTTTTTTTTDLT iii 


? BALANCE - UNBALANCE 
: TRANSLATOR 


‘s 
G 
J 
: 


g 
: 
| 


Acc 
FILTER 


: 


Ss 
T : VOLTAGE REFERENCES 
Geececaseesessecesssees sncncecencoucceccccecccuscnscscncccccsccFvccoscsnsenenececucseccscssscecrscccccsscccccvcscscsccceosoecsessccesconsscccccscscsccsuuscscouesucucscueeveccscsouonce 


(9) HORIZONTAL 
KEYING INPUT 
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Test Circuit 


10k2 27022 


VEG — 


OSCILLOSCOPE 


2ka 
2 0.01 pF 
a 2 68022 COUNTER 
SUB- 
2.45kQ CARRIER 
0.01pF] AIRF footer | o.o1pr 10pF -L 20pF_ 33pF. oleae 
TP & NPO TT N750 idl TPU 
a ee i 
Mp ee er a AL a mn 
Us cea Aceamas ba aera BURST PULSE 
vey ay 500 = VARIABLE TEST SIGNAL | SYNC-] purse 
ectopny ATTENUATOR GENERATOR GENERATOR 


2.5us aoedes 63.548 


Pin numbers refer to CA3126E and CA3126Q () Bu 


(a) Chroma input signal 
(b) Key pulse input signal 


1S germ 
part {_ssresasune |= VCHROMA 
~{- = Aus 0.46 VcHROMA 


aa ne 5yus CENTERED ON BURST 


FIGURE 1. 


Circuit Description (Pin numbers refer to E and Q packages) 


The following paragraphs briefly describe the circuit opera- 
tion of the CA3126 (shown in the Block Diagram and Sche- 
matic Diagram). A detailed description of the operation of 
various portions of the CA3126 is given in ICAN-6247, 
“Application of the CA3126 Chroma-Processing IC Using 
Sample-and-Hold Techniques”. 


The chroma input is applied to Terminal 1 through the 
desired band-shaping network. A 2,450Q resistor should be 
placed in series with Terminal 1 to minimize oscillator pickup 
in the first chroma amplifier. This amplifier supplies signals to 
the second chroma amplifier and to the ACC and AFPC 
detectors. The first chroma amplifier is gain-controlled by the 
ACC amplifier. 


A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator 
circuit. The subcarrier burst is sampled during the keying 
interval in the AFPC detector. The error voltage, produced at 
Terminal 2 and proportional to the burst phase, is compared 
to the quiescent bias voltage at Terminal 3 by the sample- 
and-hold circuitry. This “compared” voltage controls the 
phase- shifting network in the phase-locked loop. The opera- 
tion of the AFPC loop is independent of any external adjust- 
ments or voltages except for an initial capacitor adjustment 
to set the free-running frequency. 


The regenerated oscillator signal at Terminal 8 is applied 
internally to the AFPC and ACC detectors through +45 and 
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-45-degree phase-shifter networks to establish the proper 
phase relationship for these detectors. The ACC detector, 
which also samples the burst during the keying interval, pro- 
duces a correction voltage proportional to the burst ampli- 
tude. The correction voltage is compared to the quiescent 
bias level using sample-and-hold circuitry similar to that 
used in the AFPC portion of the circuit. The “compared” volt- 
age is applied internally to the ACC amplifier and killer 
amplifier. Because the amplifier gains and killer threshold 
are determined by the ratios of the internal resistors, these 
functions are independent of external voltages or controls. 


The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the de voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of 
the chroma output (Terminal 15) and detects the peak of the 
signal. The detected voltage is stored in an external capaci- 
tor connected to Terminal 16. This stored voltage on Termi- 
nal 16 affects the gain of the second chroma in the same 
manner as the chroma gain control. 


Applications Information 
General Considerations 


The block diagram shown is typical of the type of circuit used 
in the practical application of the CA3126. Several items are 
Critical for proper operation of the circuit. 


1. A series resistor of approximately 2,450Q (or high source 
impedance) must be used at the chroma input, Terminal 
1. This high impedance minimizes pickup of unbalanced 
currents, particularly of the subcarrier oscillator signal. 


2. When the overload detector is used, a large resistor 
(nominally 47,000Q) must be placed in series with Termi- 
nal 16 to set the required RC time constant. The same 
RC network series serves to set the killer time constant. 


3. The setting of the free-running oscillator frequency 
requires the presence of the keying pulse. The free-run- 
ning frequency will be erroneous if Terminal 1 is dc 
shorted during the setting operation because of the dc 
offset voltage introduced to the AFPC detector. 


4. Care must be taken in PC board designs to provide reason- 
able isolation between the oscillator portion of the circuit 
(Terminals 6, 7, and 8) and the chroma input (Terminal 1). 


Overload Detector 

The overload detector accomplishes two purposes: 

1. It prevents oversaturation due to low burst-to-chroma ratios. 
2. It prevents overload conditions due to noise. 


Both of these conditions are discussed in more detail in 
ICAN-6247. The extent to which the overload detector is 
used depends upon the individual receiver design goals. If 
greater than 0.5V peak-to-peak output is desired, the 
chroma output at Terminal 15 can be tapped to yield any 
desired degree of overload detector action. 


Chroma Gain Control 


The chroma gain control operates by varying the base bias 
on current source transistor Q25. To ensure proper tempera- 
ture tracking of the chroma gain control, it is essential that 
the control be operated from a supply source derived from 
the reference voltage at Terminal 12. Because the control 
operates from a current source, chroma gain is much more 
predictable and far less temperature sensitive than controls 
that steer current by means of a differential amplifier. The 
typical chroma gain characteristic for the CA3126 is shown 
in Figure 2. 


"EEE 
SA Re Sse eS ee 
MBG RES) e Ric Ss ae a ea 
ES See GY, oo ie ES So ts ot ee 
ae RO RS 28 iS ae ES Pm 


CHROMA OUTPUT (% OF MAX. VALUE) 


0 20 40 60 80 100 120 140 
VOLTAGE AT TERMINAL 16 (% OF V4) 


FIGURE 2. CHROMA GAIN CONTROL 
Subcarrier Regenerator Oscillator 


The oscillator filter consists of a 3.579545MHz crystal, a 
680Q resistor, and a 10pF capacitor connected in series 
across Terminals 6 and 7. A 33pF capacitor, shunt con- 
nected from Terminal 7 to ground, rolls off higher order har- 
monics, thereby preventing oscillation at the crystal third- 
harmonic frequency. A curve of the typical static phase error 
as a function of the free-running oscillator frequency is 
shown in Figure 3. It should be noted that the slope of the 
curve determines the dc gain of the phase-locked loop, i.e., 
40Hz per degree. 
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FIGURE 3. STATIC PHASE ERROR 
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Thermal Considerations 


The circuit of the CA3126 is thermally compensated to 
achieve the optimal operating characteristics over the nor- 
mal operating temperature range of TV receivers. Figures 4 
and 5 show the oscillator and chroma-output amplitudes and 
phases as a function of temperature (Terminals 8 and 15), 
respectively. 


Both the oscillator and chroma-output amplitudes and 
phases are measured relative to the chroma-input phase. 
The performance of the oscillator free-running frequency as 
a function of temperature is shown in Figure 6. All the tem- 
perature plots are characteristic of the test circuit with the 
indicated component types and values given in Figure 1. 
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FIGURE 4. AMPLITUDE AND PHASE VARIATIONS OF 
OSCILLATOR OUTPUT vs TEMPERATURE 
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FIGURE 5. AMPLITUDE AND PHASE VARIATIONS OF 
CHROMA OUTPUT vs TEMPERATURE 
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FIGURE 6. VARIATION OF OSCILLATOR FREE RUNNING 
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FIGURE 7. TYPICAL APPLICATION OF THE CA3126 AS A SUBCARRIER REGENERATOR 
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TOP VIEW 
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Includes IF Amplifier, Quadrature Detector, AF Pream- 
plifier, and Specific Circuits for AGC, AFC, Tuning 
Meter, Deviation-Noise Muting, and ON Channel 
Detector 


FM IF Amplifier Applications in High-Fidelity, Automo- 
tive, and Communications Receivers 


Exceptional Limiting Sensitivity -12,.V (Typ.) at -3dB 
Point 


Low Distortion -0.1% (Typ.) (with Double-Tuned Coil) 
Single-Coil Tuning Capability 

improved S + N/N Ratio 

Externally Programmable Recovered Audio Level 


Provides Specific Signal for Control of Interchannel 
Muting (Squeich) 


Provides Specific Signal for Direct Drive of a Tuning 
Meter 


On Channel Step for Search Control 

Provides Programmable AGC Voltage for RF Amplifier 
Provides a Specific Circuit for Flexible Audio Output 
internal Supply Voltage Regulators 


Externally Programmable “On” Channel Step Width, 
and Deviation at Which Muting Occurs 


Description 


The Harris CA3189E* is a monolithic integrated circuit that 
provides all the functions of a comprehensive FM-IF system. 
The block diagram of the CA3189E includes a three-stage 
FM-IF amplifier/imiter configuration with level detectors for 
each stage, a doubly-balanced quadrature FM detector and 
an audio amplifier that features the optional use of a muting 
(squelch) circuit. 


The advanced circuit design of the IF system includes desir- 
able deluxe features such as programmable delayed AGC 
for the RF tuner, an AFC drive circuit, and an output signal to 
drive a tuning meter and/or provide stereo switching logic. In 
addition, internal power-supply regulators maintain a nearly 
constant current drain over the voltage supply range of 
+8.5V to +16V. 


The CA3189E is ideal for high-fidelity operation. Distortion in 
a CA3189E FM-IF System is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 
The CA3189E has all the features of the CA3089E plus addi- 
tions. See CA3189E features compared to the CA3089E in 
Table 1. 


“Formerly Developmental Type No. TA10038. 
Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


CA3189E -40°C to +85°C 16 Lead Plastic DIP 


TUNING 
METER OUT 


AFC OUT 40] REF BIAS 
QUADRATURE 
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File Number 1046.2 


Specifications CA3189 


Absolute Maximum Ratings T, = +25°C 


DC Supply Voltage 
(Between Terminals 11 and 4) ............ eee c eee eeeee 16V 
(Between Terminals 11 and 14) .......... cece eee eens 16V 
DC Current (Out of Terminal 15) ............ 0c eee wees 2mA 
Power Dissipation: 
RO Te POS is ok va vn hive es cao ees asd ereunae 640mW 
Above T, = +85°C...........4.. Derate Linearly at 9.9mW/°C 
Lead Temperature (Soldering 10 Sec.)...............-. +300°C 


Operating Conditions 
Operating Temperature Range ............+.-.-- -40°C to +85°C 
Storage Temperature Range.............e.06- -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 


Ty = +25°C, V+ = 12V 


PARAMETERS 

STATIC (DC) SPECIFICATIONS 

DC Voltages 
Terminal 1 (IF Input) 
Terminal 2 (AC Return to Input) 
Terminal 3 (DC Bias to Input) 
Terminal 15 (RF AGC) 
Terminal 10 (DC Reference) 
DYNAMIC SPECIFICATIONS 


Input Limiting Voltage (-3dB Point) 
AM Rejection (Terminal 6) 
Recovered AF Voltage (Terminal 6) 


Total Harmonic Distortion (Note 1) 
Single Tuned (Terminal 6) 
Double Tuned (Terminal 6) THD 


Vi = 0.1V, 
Vo(AF) 


= 
ae 


Single Plus Noise to Noise Ratio S+N/N 
(Terminal 6) 


Deviation Mute Frequency 
RF AGC Threshold 


On Channel Step 


NOTE: 


Vie 
Vi2 


TEST CONDITIONS LIMITS 


” 
< 
w 
o 
ae 


No Signal Input, Non Muted 


No Signal Input, Non Muted 


AM Mod. = 30% 


CIRCUIT 


fo = 10.7MHz, 
furop- = 400Hz, 
Deviation +75kHz 


foev. < +40kHz 
foev. > +40kHz 


1. THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 


TABLE 1. 
FEATURES 
Low Limiting Sensitivity (12uV Typ.) 
Low Distortion 
Single-Coil Tuning Capability 
Programmable Audio Level 


Deviation Mute 


CA3189E FEATURES COMPARED TO CA3089E 


CA3189E CA3089E 


es a ee ee 
a hei ee 


Specifications CA3189 


TABLE 1. CA3189E FEATURES COMPARED TO CA3089E (Continued) 


FEATURES CA3189E CA3089E 


Programmable AGC Threshold and Voltage 


Yes 
Typical S + N/N > 70 dB 


Meter Drive Voltage Depressed at Very Low Signal Levels 
On-Channel Step Control Voltage 


Block Diagram 
CA3189E 
a 
QUADRATURE _ } nt 
INPUT | } 
Ve 22H ‘ 
i ( REFERENCE 
TOINTERNAL (47) out (8) (9) 40) in 
REGULATORS 


ass 
‘ 


0.02 0.02uF 
Fs 


DELAYED 
AGC FOR 
RF AMPL 


geereeseseessesseehoce 


PAPAL AABABAAAAaAe 


MUTING 
SENSITIVITY 


De 
0.33 uF — 
9 THRESHOLD 
TUNING METER OUTPUT LOGIC CIRCUITS LI 


ON CHANNEL 
INDICATOR 


TO STEREO 


47K 


All resistance values are in Q 
*L Tunes with 100pF (C) at 10.7MHz 
Qo = 75 (TOKO No. KACS K586HM or equivalent) 
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Schematic Diagram 
CA3189E 


iF AMPLIFIER 


INPUT $R2 
BYPASSING ¢72.8K oR, 


LEVEL DETECTOR & METER CIRCUIT 
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Schematic Diagram (Continued) 
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OFF a el 


59) dal ® 


ee 
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SPECIAL ANALOG 
CIRCUITS 


DEVIATION MUTE DETECTOR 
AND AFC AMPLI. 


MUTE DRIVE 
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Test Circuits 


SIGNAL 9.01pF 


INPUT (1) 
VOLTAGE a 
(3) 


All resistance values are in Q 
*L tunes with 100pF (C) at 10.7MHz 
Qo (unloaded) = 75 (TOKO No. KACS K586HM or equivalent) 
**C =0.01pF for 5011s deemphasis (Europe) 
= 0.015yF for 75us deemphasis (USA) 


FIGURE 1. TEST CIRCUIT FOR CA3189E USING A SINGLE- 
TUNED DETECTOR COIL 


"3K 
, é 
s é 
’ t 
, 0 
r f] 
r 
‘ r) 
, 
; ; 
V+ = 12V re Le 
0.05yF bad (1 7) 
SIGNAL 0.01uF 

INPUT (2) 

VOLTAG a 

(3) 

0.02 
it 
TO 
PIN 13 


ewe 150A 
“= ‘TUNING METER I. ScALE 


All resistance values are in Q 
*T: PRI. - Qo (unloaded) = 75 (tunes with 100pF (C,) 20T of 346 on 
"lap" dia. form 
SEC. - Q) (unloaded) = 75 (tunes with 100pF (C,) 20T of 34e on 
"150" dia. form 
kQ (percent of critical coupling) = 70% 
(Adjusted for coil voltage V.) = 150mV 
Above values permit proper operation of mute (squelch) circuit “E” 
type slugs, spacing 4mm. 
“*C = 0.01yF for 50s deemphasis (Europe) 
= 0.015yF for 75s deemphasis (USA) 


FIGURE 2. TEST CIRCUIT FOR CA3189E USING A DOUBLE- 
TUNED DETECTOR COIL 


Typical Performance Curves 


V+ = 12V, Ta = +25°C 
SEE FIGURE 1 


Oo 


RECOVERED AUDIO FROM FULL 
{| OUTPUT (LEFT COORDINATE) 


RECOVERED AUDIO (dB) 
MUTING CONTROL AT MAX. RESISTANCE 


-30 | (PIN 15 TO PIN 13) 
1 Tube Vall 
~40 VOLTAGE AT TERM. 13 
METER CIRCUIT (33kQ 
50 TO GND) (RIGHT 
60 _ 
1 10 100 1K 10K 100K 


INPUT SIGNAL (:V) 


FIGURE 3. MUTING ACTION, TUNER AGC, AND TUNING 
METER OUTPUT AS A FUNCTION OF INPUT SIG- 
NAL VOLTAGE 


CURRENT INTO TERMINAL 7 (:A) 


-100 -50 0 50 100 150 
CHANGE IN FREQUENCY (kHz) 


FIGURE 4. AFC CHARACTERISTICS (CURRENT AT TERMINAL 
7 AS A FUNCTION OF CHANGE IN FREQUENCY) 
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Typical Performance Curves 


40 


Sache eect ks teak a 
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LOAD RESISTANCE (BETWEEN TERM. 7 AND TERM. 10) (kQ) SIGNAL LEVEL (:V) 


= 
120 @ -20 
3 ZS ms CA3189E ONLY 
ri 5 
® 100 -30 ‘2222 CA3189E PRECEDED BY 
: FILTER AND GAIN STAGE 
80 -40 777+ CA3189E PRECEDED BY 
E ar ae > 2 FILTER AND GAIN STAGES 
= 60 50 
Vee Saearten . 
F; 
S 
ra] 


20 


105 


FIGURE 5. DEVIATION MUTE THRESHOLD AS A FUNCTION FIGURE 6. TYPICAL LIMITING AND NOISE CHARACTERISTICS 
OF LOAD RESISTANCE (BETWEEN TERMINAL 7 
AND TERMINAL 10) 
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+12V 


SPECIAL ANALOG 
CIRCUITS 


09 
10.7MHz M) 12K 
TUNER 6) AUDIO 


All resistance values are in Q 

CF: Ceramic filters, TOKO CSFE or equivalent 

* L tunes with 100pF (C) at 10.7MHz 

Qo (unioaded) = 75 (TOKO No. KACS K586HM or equivalent) 


47K 
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FIGURE 7. COMPLETE FM IF SYSTEM FOR HIGH QUALITY RECEIVERS 


7-35 


FARRIS 


SEMICONDUCTOR 


CA3194 


Single Chip PAL 
Luminance/Chroma Processor 


ao 


March 1993 


Features 


All PAL Luminance and Chrominance Process- 
ing Circuitry on a Single Chip in a 24-Lead 
Plastic Package 


Phase-Locked Subcarrier Regeneration Utiliz- 
ing Sample-and-Hold 


DC Controls for Brightness, Contrast, and Color 
Saturation Functions 


Input for Average Beam-Current Limiting 


Contrast Control Having Excellent Tracking of 
Luma and Chroma Channels 


Low-impedance RGB Outputs with Excellent 
Tracking for Direct Coupling to Video Driver 
Circuitry 


Description 


The Harris CA3194E* is a silicon monolithic integrated circuit 
designed to perform all of the signal processing functions for both 
the chroma and luminance signals of PAL color television receivers. 


This circuit performs all the functions needed between the video 
detector and the video RGB output stages. DC contrast, bright- 
ness, and saturation controls and average beam limiting functions 
are included. The RGB buffer stages are capable of delivering 
5mA of current into the video output stages. 


* Formerly Dev. No. TA10313. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


CA3194E -40°C to +85°C 24 Lead Plastic DIP 


Pinout 
CA3194 TERMINAL VOLTAGE AND CURRENT RATINGS 
PDIP 
ae nats VOLTAGE* -V CURRENT - mA 
TERMINAL | MIN | WAX | ws ] lo 
AVER. BEAM 

enn [7 INFO See BS 
CHROMA OuT [2 | ce A Set pe cae 
SAT. CONTR. [3] PICTURE CONTROL 3) ae Cae 
CHROMA INPUT [4] LOW PASS oS Se Se 
ACC FILTER | 5 | 20| LUMA INPUT a 
pean ah i teveL 5 aes eee 
iar: ca 1s RewTeU 2 aera 
APC FILTER | 8 | 17 G OUTPUT 2 ers Wee 

90° INPUT | 9| H6] B OUTPUT 
| a 
o°weur Fi i] Vayinpur 1 NS in 
Yoo ourpUT fi id] VeyiNeuT act ee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Voc [12! 43] SANDCASTLE 


Copyright © Harris Corporation 1993 


TE: The maximum should not exceed the Veg voltage. Voltage with respect 
to Terminal 1 for Voc (Terminal 12) of 12V +10%. 
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Specifications CA3194 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage and Current Operating Temperature Range ................-. -40°C to +85°C 
Pin 12 Voltage Range................ 11V (Min) to 13V (Max) Storage Temperature Range.................. -65°C to +150°C 
Pin 12 Current Range............. 44mA (Typ) to 6(OmA (Max) Thermal Package Characteristics (°C/W) BA 

Power Dissipation Plastic DIP Package 115 
(Ge BOE Ty = Sea eae ene erpenrare rere Sst i 825mW 
i DES... 2 2 en Se es Derate Linearly 8.7mW/°C 

Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)...........e0000: +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C, Voc = 12V, Vs = 2.85V, Vo = 2.85V, Vag = Vpp = Voc, Vp adjusted for V18 = 6.3V, Cy adjusted 
for Fosc = 4.43361875MHz, Sandcastle: Vgg = 8.0V, Ve: anx = 3.5V - Burst Gate centered on Burst. 
These conditions exist except as otherwise noted. See Figure 19 for test circuit. 


TYPICAL 
PARAMETERS TEST CONDITIONS VALUE 


LUMINANCE SECTION 


pace ene a Ee ee ee 


Luma Input Signal = 30% Sync. 


Luma Input Signal: 0.5Vp.p (30% Sync) modulated CW 
Adj. modulation frequency for -3dB at color outputs. 


For Control Characteristics, See Figures 1 and 2. 


Luma Input Signal: 0.5Vp.p (30% Sync) 
Vp OV - 5V,Measured at Pin 18 black level. 
See Figures 1 and 2. 


no} 


< < 
« lel alee 


P 


.~] 
1?) 


Output Black Level 


Range 5.9-9.7 


Voe 
0.6 Max. Voc 


Contrast Control Range (Terminal 22) Luminance Input: 0.5Vp.p (30% Sync), for Control Characteristics. 
See Figure 3 


< 
9° 
re) 


Luminance Input: 0.5Vp.p (30% Sync), Vo = 0.5V - 5V measure 
Pin 18 black level to maximum white level. See Figure 4. 


RGB Output Swing Luminance Input: 0.5Vp.p (30% Sync), Vo = 5V, read black 
level to peak white. See Figures 5 and 6. 


CHROMINANCE SECTION 


< 
vu 
2 


Input Impedance (Terminal 4) See Figures 7 and 8. 


Chroma Channel Input Voltage Chroma mVp.p 


mVp.p 


ACC Range +6 - (-20) 


Input Burst Level for Kill (Note 1) Adjust chroma input Pin 4 until Pin 2 < 25mVp._p. mVp.p 
Measure Burst level at Pin 4 


Contrast Control Chroma/Luma Tracking Chroma Input: Burst = 100mMVp.p, Chroma = 220MVp.p. +5 % 
Luminance Input: 0.35Vp.p, Vs adjusted for Chroma at 

Pin 18 = 2Vp.p. Vc is adjusted for luminance at Pin 18 = 2Vp_p, 
Vc is again adjusted for luminance of +6 and -9dB. 

Then read chroma percentage difference. See Figure 9 


Saturation Control Range (Terminal 3) For control characteristic, see Figure 10. 
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CIRCUITS 


Specifications CA3194 


Electrical Specifications T, = +25°C, Vo¢ = 12V, Vs = 2.85V, Vo = 2.85V, Vaz = Veg = Voc, Vp adjusted for V18 = 6.3V, Cy adjusted 
for Fogc = 4.43361875MHz, Sandcastle: Vg = 8.0V, Va, anx = 3.5V - Burst Gate centered on Burst. 
These conditions exist except as otherwise noted. See Figure 19 for test circuit. (Continued) 


OSCILLATOR SECTION 


Pull-in Range 


DEMODULATOR SECTION 


R-Y Demodulator Conversion Gain 


TYPICAL 
PARAMETERS TEST CONDITIONS VALUE 


Saturation Control Range (Terminal 3) For control characteristic, see Figure 10. ORL Nee. 


Maximum Chroma Output Voltage (Terminal 2) | Chroma Input: Burst = 100mVp_p, Chroma = 220mVp.p. 


Adjust Vo and Vg for maximum Pin 2 output. 


Chroma Input: Burst = 100MVp.p, Chroma = 220MVp_.p. 
Adjust Cy for HI/LO fog¢ without Chroma signal. 
Apply signal to lock. 


Static Phase Error Deg/ 
100Hz 


Chroma Input: Burst =100mV, Chroma = 220MVp.p, V2. 
Adjust V. for V18 = 1V. Read V15. Calculate V18/V15. 


Chroma Input: Burst = 100mVp.p, U@. Read V16 and V14. 
Calculate V16/V14. Vo remains as for R-Y gain. 


Chroma Input: Burst =100MVp.p, Chroma = 220MVp.p, US 
read V17 and V16, Calculate V17/V16. Vo remains as above. 


Chroma Input: Burst =100mVp.p, Chroma = 220MVp.p, V2. 
Read V17 and V18. Calculate V17/V18. Vc, remains as above. 


Sub-Carrier and Harmonic Content at Outputs | No Chroma or Luma Input. Read residual carrier at outputs. 


ef 


1. If a different value is desired, see the Threshold Adjustment Circuit of Figure 17. 
2. Use of the circuit of Figure 18 is suggested to prevent increased color saturation at low level RF signals. 
3. The reference voltage can be adjusted by changing the values of the voltage divider. 


Circuit Description (See Block Diagram and Figure 20) 


The chroma signal is externally separated from the video 
signal by means of a bandpass or high-pass filter and 
applied to pin 4. The burst is separated in the first chroma 
stage and applied to the synchronous detector which pro- 
vides information to sample-and-hold circuits for APC 
(phase-locked loop), ACC (automatic chroma gain control) 
and identification and killing. The 4.43-MHz crystal oscillator 
is phase-locked to the burst and provides 0° and 90° (via an 
external phase shifter) carriers to the chroma demodulators. 
The burst and chroma amplitude at the output of the first 
chroma amplifier is kept constant by the automatic gain con- 
trol. 


The second chroma stage provides saturation control (pin 3) 
which tracks the contrast control in the luminance channel. 
This stage is also used for color killing. 


A buffer stage drives the external PAL delay line. The sepa- 
rated U and V signals are applied to pins 14 and 15, respec- 
tively, and demodulated. A standard G-Y matrix is included 
on the chip. 


The luminance signal passes through the subcarrier trap 
and through the luminance delay line and enters the chip at 
pin 20. Contrast and brightness control is provided before 
the luminance signal is combined with the color difference 
signals in the Y matrix. Average and peak beam limiting cir- 
cuits are controlled from pins 24 and 19. 
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Typical Performance Curves 


Vo = Vs = 2.85V 
Voc = 12V 
PIN 20 : 0.5V,,,, (30% SYNCH) 


PIN 18 - BLACK LEVEL (V) 


PIN 23 - BRIGHTNESS CONTROL (Vz, V) 


FIGURE 1. BRIGHTNESS CONTROL (Vg) MEASURED AT PIN 
18 OUTPUT TERMINAL 


Vs = 2.85V 
Voc = 12V 
PIN 20: 0.5Vp, (30% SYNCH) 


BLACK LEVEL = 7V 


PIN 18 - LUMA OUTPUT (V) 
(WHITE TO BLACK LEVEL) 


a 22 - Bia 8 aaah: ad v) 


FIGURE 3. CONTRAST CONTROL (V,) MEASURED AT PIN 18 
OUTPUT TERMINAL 


Vs = 2.85V 
Ve AND Vc ADJUSTED FOR MAX. 


LINEAR V16 
PIN 4: BURST = 100mV,, 
CHROMA = ae 


ZC a 


BLUE OUTPUT (Vj¢ MAX, V) 


11 12 13 14 15 16 
PIN 12 - SUPPLY VOLTAGE (V) 


FIGURE 5. LINEAR OPERATING RANGE AS A FUNCTION OF 


Vcc MEASURED AT PIN 16 OUTPUT TERMINAL 
(BEST OPERATING RANGE IS 11-13V Voc) 
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Vs = 2.85V 

Voc = 12V 

PIN 4: BURST = 100mV,,, 
CHROMA = 220mV,, 


PIN 2 - CHROMA OUTPUT (V,,) RED BAR 
» 


PIN 22 - COLOR CONTRAST CONTROL (V¢, V) 


FIGURE 2. CONTRAST CONTROL (V,) MEASURED AT 2ND 
CHROMA AMPLIFIER OUTPUT TERMINAL 


32 
Vo # Vs = 2.85V 
28 Vig = 2Vpp AT Voc = 12V 
Vp SET TO BLACK LEVEL = 7V 
24 
20 


ne 
a 


LUMA AMPL GAIN (dB) 
v 


(JG) gait eS 


7 OS Oe 10-59% 12 hg 44 18 16; 17 
PIN 12 - SUPPLY VOLTAGE (V) 


FIGURE 4. LUMA GAIN vs SUPPLY VOLTAGE (V.-) MEASURED 
AT LUMA AMPLIFIER OUTPUT TERMINAL 


a ee CHROMA INPUT: BURST = 100mV>, 
CHROMA = 220mVpp 
a ba | LUMA INPUT: 0.5V., P (90% SYNCH) 
= ADJUST Vo FOR Vie = V, LUMA, 
THEN ADJUST Vg FOR Vig = 2V, 
CHROMA (RED BAR) 


PIN 22 - CONTRAST CONTROL (Vc, V) 


Vig - % DIFFERENCE LUMA/CHROMA 


-20 


FIGURE6. LUMA/CHROMA TRACKING AS A FUNCTION OF Ve 
MEASURED AT PIN 18 OUTPUT TERMINAL 
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Typical Performance Curves (Continued) 


EES as FE HN Ha: RS PS Wee i Dae Se Pe 
a 
COLOR UNKILL -- a8. 
Vo=Vs=2.85V Voc =12V 
CHROMA INPUT: BURST = 100mV,, 
CHROMA = 220mV,, (0dB) 
CHROMA OUTPUT: 880mV,,, (0dB) 


Gr a eS 

Rey Shins a bee 

Sao di aeSs om  ser e 

-20 -10 0 +6 
CHROMA INPUT (V4 dB) 


FIGURE 7. ACC CHARACTERISTICS MEASURED AT PIN 2 
OUTPUT TERMINAL 


CHROMA OUTPUT (V2 dB) 


6 |. CHROMA INPUT: BURST = 100mVpp 
CHROMA = 220mV,, 


LUMA INPUT: 0.5V,,,, (30% SYNCH) 


5 L ADJUST Vc FOR Vie = 2V, LUMA, 
THEN ADJUST Vg FOR V4g = 2V, 
CHROMA (RED BAR) 


Vig - AV (BLACK LEVEL TO WHITE) RED BAR 


a a PEE 


PIN 22 - CONTRAST CONTROL (Ve, V) 


FIGURE 9.. LUMA/CHROMA TRACKING WITH CONTRAST CON- 
TROL MEASURED AT PIN 18 OUTPUT TERMINAL 


CL aa 


Bee | ote nor INPUT SIGNAL 
— 
ie ere a 


R/G AND R/B VOLT DIFF. (mV) 


5 6 7 8 9 
R - OUT (PIN 18) BLACK LEVEL REFERENCE - (Vp ADJ, V) 


FIGURE 11. DIFFERENTIAL BLACK-LEVEL TRACKING 
MEASURED AT RGB OUTPUT TERMINALS 
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CHROMA INPUT: BURST = 100mVpp 
CHROMA = 220mV 

LUMA INPUT: 0.5V., (30% SYNCH) 
ADJUST Vc FOR Via = 2V,, LUMA, 
THEN ADJUST Vg FOR Vig = 2V, 
CHROMA (RED BAR) 


Vig - AV (BLACK LEVEL TO WHITE) LUMA 


his. aah arieaise 
id = et eT ee Gt we Gk ae 
0 1 2 3 4 5 
PIN 22 - CONTRAST CONTROL (Ve, V) 


FIGURE 8. LUMA/CHROMA TRACKING vs CONTRAST CONTROL 
MEASURED AT PIN 18 OUTPUT TERMINAL 


Vc = 2.85V 

Voc = 12V 

PIN 4; BURST = 100mV,, 
3 CHROMA = 220mVp_ 


a 
stellen LET | | 


PIN 2 - CHROMA OUTPUT (V,,) RED BAR 
iN) 


PIN 3 - CHROMA SATURATION CONTROL (V¢, Vpp) 8 
vad 
FIGURE 10. SATURATION CONTROL (Vs) MEASURED AT s 4 
CHROMA AMPLIFIER OUTPUT TERMINAL PIN 2 is 3 
<5 
8 © © 
oO. 
” 


Trias 
TTT Hroren carne 


& Leer OF RED BAR 


Vs = 2.85V 

Voc = 12V 

PIN 4: BURST = 100mVpp 
CHROMA = 220 mVpp 
ADJUST V¢ (DL700 DELAY 
LINE IN CIRCUIT) 


PIN 18 - RED OUTPUT (Vpp) RED BAR 
& 


0 1 2 3 
PIN 2 - CHROMA OUTPUT (Vpp) RED BAR 


FIGURE 12. PIN 18 OUTPUT vs PIN 2 VOLTAGE MEASURED AT 
CHROMA OUTPUT TERMINALS AND R OUTPUT 
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Typical Performance Curves (Continued) 


10 


Voc = 12V 
Vc: SET FOR Vig = 2Vpp 


S | Vin: SET FOR BLACK LEVEL = 7V 12 
va PIN 20: LUMA = 0.5V,,, (30% SYNCH S jefe ied PEAK WHITE 
<> : gee 
.a : <8 e | cd FAL Medd | 
pega | os See a 

ni 
a tata a ERE hs = ° aac 
+O be pm | 

oz Zw ul 8 Voc = 12V 
zy ae meee ; : Vo= sv 
ac 7 ~ 7 Vg = 3.5V 

= INITIAL BLACK LEVEL SET 7.0V | BLACK LEVEL SET 7.0V = PIN 20: LUMA = 0.5V,,, 

30% 
Aiceere TT Tt 6 Re CONTRAST TERMINAL 
cl : RESISTANCE = 47kQ 
6 8 10 ae bic ee ad Sie ome eis once pen peo | 
PIN 24 - AVE. BEAM LIMITER (Vag, V) PIN 24 - AVERAGE BEAM LIMITER (Vag, V) 


FIGURE 13. AVERAGE BEAM LIMITER (Vas) MEASURED AT FIGURE 14. AVERAGE BEAM LIMITER (Vag) MEASURED AT 
PIN 18 OUTPUT PIN 18 OUTPUT 


Vg : SET FOR BLACK 


S LEVEL = 6.3V 
~ PIN 20: pes = 0.5Vpp 
‘ (30% SY cH) 
= VARY Re - "00 TRAST 
ane LL TERMINAL RESISTANCE 
BLACK LEVEL BG PULSE ---- mies. (5 Vac 6.5V TO Voc 
ck Same atk serene ters, Srtees VeLank 2V TO 5V 
BLANK 
PEDESTAL aa «| 
PIN 24 - AVERAGE BEAM LIMITER (Vp, V) 
FIGURE 15. AVERAGE BEAM LIMITER (Vas) MEASURED AT FIGURE 16. SANDCASTLE INPUT WAVEFORM 
PIN 18 OUTPUT 
et oae ne ee 
y) é 
CA3194E , 
oye iiehs adeatete % CHROMA OUTPUT 4 
y Y 0.01 uF ; y 
4 CASI94E 4 ie y y 
yl Sl yl 
4 
; ; y SATURATION 
y ; , CONTROL 
wert 5) # 4 
eee, ee 
el | 
4 4 4 
4 y 4 
4s r] 5 
; y 
y y *NOMINAL VALUES USED 
; : IN NTSC SYSTEM 
— becsessescead = **SMALL SIGNAL N-P-N 
FIGURE 17. KILLER-THRESHOLD LEVEL CONTROL FIGURE 18. EXTERNAL OVERLOAD DETECTOR 
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Test Circuit 
BEAM 
LIMIT 
INFO BRIGHTN. CONTRAST +12V ee SAND 
quaniasithasitsiniaas(cna insights 
(Vas) 9 (VB) ¢ (Vo) ¢ ane >R >G >B > CASTLE 
Ky 15K 15K [Re (Vp) tcl 


AV. BRIGHT- CON- LP LUMA PEAK ROUT GOUT BOUT Vpry Ve-y SAND 
BEAM NESS TRAST FILTER INPUT BEAM CASTLE 
LIMIT LUMIT INPUT 


CA3194E 


CHROMA CHROMA 
OUT SAT. INPUT ACC ACC APC APC _ 90° 0° OUT 


INPUT 
o— 
3n3 68p 
ua tp Ro 
aie 47n AN 4y7 22n 0.1p AR 120p AN 10% 5-25p 
SAT. iL “8 r ee 
“ alco (Vs) 


Veeeuasene 


390Q 
DELAY LINE <2 1K 10n 


; 2 3 
f 
——7 SE i f| {10 inet SM ZY ae 
PHASE || ia i Hi 
' 4 


10n 
NOTE: TRIM Co FOR ZERO PHASE * 4.43361875MHz 
TRIM Ro FOR QUAD PHASE 


FIGURE 19. TEST CIRCUIT 
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Test Circuit (Continued) 


BEAM 
LIMIT 
INFO BRIGHTN. CONTRAST #12V OUTPUTS 
ee 9 ETS 
(Vas) 9 (Ve) (Ve) g ni arate 


10K 


LUMA 
INPUT 4 
16 
AV.  BRIGHT- —_CON- LUMA PEAK ROUT GOUT BOUT Vpy 
BEAM NESS TRAST FILTER INPUT BEAM 
LIMIT LIMIT 
CA3194E 
CHROMA CHROMA 
CHROMA | GND OUT SAT. INPUT ACC ACC APC APC 90° 0° 
gee Ta apoweiate 8 3m Masts MMAR & © 
3n3 FT sp 33H 
tl an 1.8K 2K2} 330>5% 
= 15K = + 
+ 2yu2 3.3 Ro 
a 2 
sa i. 
i 0.0575 0.0175 22n 0.1. AN 120p AR 10% 
SAT. al iene Sh laced Mids 4 *S 
10p Ke (Vs) = = = = 
Co 
3902 
DELAY LINE 42 1K 10n ie 
AMPLITUDE > DL 
PHASE | 
10n 


* 3.57561 1MHz 


FIGURE 20. APPLICATION CIRCUIT FOR PAL M 
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Features 


e All Chroma Processing and Demodulating Circuitry 
on a Single Chip in a 28 Lead Plastic Package 


¢ Phase Locked Subcarrier Regeneration Utilizing Sam- 
ple and Hold Techniques 


e Supplementary ACC with Overload Detector to Pre- 
vent Over Saturation of the Picture Tube 


e Linear DC Controls for Chroma Gain and Tint 


Dynamic “Flesh Correction” - Corrects Purple and 
Green Flesh Colors without Affecting Primary Colors 


e Balanced Chroma Demodulators with Low Output 
impedance for Direct Coupling 


Internal RF Filtering 


Requires Few External Components 
Automatic Beam Limiter 
e Chroma Luminance Tracking Picture Control 


Pinout 


CA3217 


Single Chip TV 
Chroma/Luminance Processor 


Description 


The Harris CA3217E* is a monolithic silicon integrated 
circuit. It contains all the required circuit functions between 
the video detector and the picture tube RGB driver stages of 
a color television receiver. The CA3217E decodes the 
chrominance signals and then produces three different color 
signals that are internally combined with the luminance to 
develop the RGB signals. The picture saturation, hue and 
brightness DC controls are externally adjustable by the 
viewers. The AFPC, ACC, Dynamic flesh control, Beam 
limiting and Gate black level (Brightness) control are servo 
loops used to stabilize the RGB output and reduce frequent 
manual adjustment. The automatic beam limiter circuit 
reduces picture contrast and brightness to prevent excessive 
drive output at the picture tube. 


* Formerly dev. type no. TA10806. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


CA3217E -40°C to +85°C 28 Lead Plastic DIP 


CA3217 
(PDIP) 
TOP VIEW 


CHROMA OUT | 1 
CHROMA CONTROL | 2 | 
CHROMA INPUT | 3| 
OVERLOAD FILTER | 4 | 


OSCILLATOR IN 90° |11| 
OSCILLATOR IN 180° | 12! 
OSCILLATOR OUT | 13 
TINT CONTROL |14| 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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28] BEAM LIMITER 

|27| LUMINANCE 

'26| PICTURE CONTROL 

LOW PASS FILTER 

24] BRIGHT CONTROL 

Vec 

BLUE 

21] RED 

20] GREEN 

119] Q CARRIER IN 

18] | CARRIER IN 
DEMODULATOR CHROMA IN 
'16] OVERLOAD, FLESH DISABLE 
15] CARRIER OUT 


File Number 1332.2 
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CIRCUITS 


Specifications CA3217 


Absolute Maximum Ratings Operating Conditions 
DC Voltage (Between Terms 23 & 8) .......... ee eee eee 14.0V Operating Temperature Range ................-. -40°C to +85°C 
Power Dissipation Storage Temperature Range...............06. -65°C to +150°C 
ST a NE go 0k Oo le ssc want. oe vb tag OEE SS 1.27W 
Above T, = +55°C............. Derate Linearly at 13.3mW/°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.).............008- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 1, = +25°C 


TEST CONDITIONS rs 


mVp.p mVp.p | mVp.p RELAYS 
PARAMETERS TEST CHROMA | BURST IN} LUMA | ENERGIZED TYP NITS 


DC ELECTRICAL SPECIFICATIONS (Test 1-5) 


ES 


Dissipation ____[Pnzs[esv[nafawfew[na] [| | |] ®] #] «| m™_ 
eri | 1a nav[aovpeav [nav] | | | |] ®s]__| voc 
Pinseat ______fwrrr[rav[naeofew [na] |_| |_| J 22 |_| vec 
Pine rre| vav[nav[aov|eav[uay] | | || | so |_| vo 
Sa RR Wes 
SWITCHING ELECTRICAL SPECIFICATIONS (Tests 6-26) 

Oscilator Pulin (Note 1) [0 [esv[nav|ew]ew[na] = [| | | maw [om] [om] me 
Oscitatortevel____| o [eav[nav|ewlew[na]o | o || «| [or] | ver 
100% AGO (Notoa) | Pet | vary [rnav[aov] eav [ria] 2s] as |_| wanr_| | 18] | Ver 
200% ACG (Notes) | Pei | Te [nrav]aov| ea [nav] 20 | 20 | | maw | [ro] |» 
20% ACC (Notes) | Pei | Te |nravjeovfew|nav| = | = | | me | [we] | ™_ 
Tint Genter (Note 4) | 85 | Van vay [nav] 50] as |__| wanr | | es] | voo™ 
RY Maximum | Pe frrav|rav[eov] tm [rev] 20 | wes [| [enna] | 60] | Vor 
funn ___—————*idp eat funav|nav[aov] tia [rev] 2 [es | | wan | [4s] [vor 
‘i [eer [nav[navfaov] TH fray] 25 | 25 | | wan | | | 0 [mvp 
lonroma Resear | Pet [urav|urav[aov| tiv [riav] ves | ws | [nam] [20] | Vor 
Maximum Luma (Notes) | P21 [rav[navjeov[ tm [nav] |__| m= [mm] [22] | ver 
[Luma Ratio (Note6) | Pei |nav[ew|ew|m nal |__| =|[Kam] [so] | * 
Linearity (Note 7) ___| Pai [n2v| vay] so] tm [nav] |_| = | «an | [+] [ver 
Tie=tiomis | et|uav| re[eo[ tna] | _[ees| we | |e] | * 
[A7eMIRz Response Note Pei [rav[naen[ tm [na] |__| mleeals| |s| 
[ContrastLimitt (Note e) | Pea [rrav[niav[eov] tm [nav] |_| [mmm] [se] [voc 
[Contrast Limit2 (Note 9) | P28 [rrav[niav[eov| tm [nav] | | 0 [mame] | ez] [voc 
Bright Limit 1 (Note 10) | Pea [av] 12v nav]_| ip a Pm | [sr] [voc] 
[G-Y Ratio (Noto 11) | P20 | Vay [navy] tr [nev] 20 [es | | ‘| fess] | A_ 
BY Ratio (Note 11) J P22 |" [rravfaow] ta [rev] oo | ws | | | |] |r 


NOTES: 


1. With K7 energized and frequency counter at D vary C1 for 3.579175MHz. Then with K4 energized, check for pull-in. Repeat for frequency 
tuned to 3.579875MHz. For all other tests tune to 3.579545MHz +10Hz. 

2. Vary S2 for 1.5Vp.p at Pin 21. 

3. % of 100% ACC. 

4. Adjust C1 for 3.579545MHz +10Hz. Adjust S2 for 1.6Vp_p at Pin 22 and 0 reference, then adjust S5 for minimum at P21. Read and record 
S5 voltage. 

. Black to White. 

. 117 = T17/T16. 

. Adjust S3 for 4.0Vp_p. 

. AC amplitude = 50mVp.p reference 15kHz. 

. Adjust beam limiter to 10.7V. 

. Adjust beam limiter to 9.8V. 

. Adjust S2 for 1.5Vp.p at Pin 21, then calculate P20/P21 and P22/P21. 


“=~ CO OON OW 


—_ tt 
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Specifications CA3217 


Typical Performance of the CA3217E 


TYPICAL DATA 


Oscillator Stability 
Supply Variation 10°'4v 
Variation With Temperature (AT = +50°C) 
AFPC Characteristics 
DC Loop Gain 


Pull In Range 
ACC Characteristics 
100% Chroma Input Level 


250MVp.p on Red Bar 


on et aces ge (RRR 80 


ao | oe 
eee ee 

a pe ee 

Primary Control in the +1 Half Plane 
a8 

Black Level Clamped on 3V to 5V Level 


Beam Limiting On Picture and Brightness Controls 
Luma Bandwidth 


Sandcastle Input 


Q 


on 


1.2-2.3V Blanking 
Burst Gate 


Maximum Linear Output 
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Functional Block Diagram 
CA3217E 


KILLER/ACC SAMPLE 
DETECTOR % @ HOLD ii 


OVERLOAD HUE 
DETECTOR CONTROL 


COMPOSITE 
CHROMA 


Q 
°o 
z= 
4c 
zm 
Ss 
cr 


PHASE 
DETECTOR 


CHROMA = 


a 
— | U freveo 
| AMP 


SATURATION a3 SAT CHROMA 
CONTROL CONTROL 2ND AMP (A) 


| aa: 


teat ne) 
| 
| 
@) 
: aes 


KEYED 
PIX 
CONTROL 


BAND PASS 
FILTER 


CHROMA 
MATRIX 
AMP 


COMPARATOR 


PIX (28) 
CONTROL 


OVERLOAD 
BEAM POWER SANDCASTLE FLESH 
LIMITER SUPPLIES DECODE ENABLE 


Smgrosnge omyannro segits prarapstgiraiigsl i int arcs Goa 


OR® eB @Q © 


BEAM BRIGHT 
CURRENT CONTROL 
REFERENCE 
IN 
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Schematic Diagram CA3217E 
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Schematic Diagram (Continued) CA3217E 
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Test Circuit 
LUMA INPUT 
BEAM BRIGHTNESS ono K2 
LIMITER \KS CONTROL 8 R 6G >-AUTO FLESH 
O s4 e oiee= = OFF ¢ | 
NC 
— Ok as | 470 
120 pF 
Vv. a 
+ ISV 2200 x 1000 pF 
g CONTRAST 10 
eter el 4.7 47 47 ibs ot a 5.6 
ef 70 3300 
a at 3un | 2PFS 
‘Oe | BUFFER 
8 
ve Sangeeseen— == = 
iL i BE EES G2 cece ee , 
270 pF 22. o2t 20... 8... 18. ee i 


XPT! 


CA32I7E 


12 


ete Wr-4-O- 
luk 
7 a ws ee - 


13 


8 Ok 10k agkat’ aa ib el 
0.001 = 100 k O s2 se = 
= CHROMA 0.01 
Ginoua CONTROL | 3300 i2k 
INPUT 286 k 54k § 
0.01 K7 7 
50 |: dS key \ 
"KI 
0.01 
pom Bee San ili l00RF | ONT CONTROL 
OxPT3 +9.5V 35 
3mA MAX 
(OVERLOAD) 


FIGURE 1. TEST CIRCUIT FOR CA3217E 


Typical Performance Curves 


Ta = +25°C, LUMA INPUT = 0.5Vp.p (30% SYNC) 
CONTRAST = 6.3V, SATURATION = 6.3V 
PIN 28 = 11.8V 


oad 
oe 


12 


10 


PIN 21 BLACK LEVEL (V) 
r) 


BRIGHTNESS CONTROL (V) 


FIGURE 2. TYPICAL P21 BLACK LEVEL VERSUS 


BRIGHTNESS CONTROL 


Ta = 425°C, LUMA INPUT = 0.5Vp.p (30% SYNC) | | _ 
BRIGHTNESS = 4.0V, SATURATION = 6.3V oe 
5.5] PIN 28 = 11.8V 


SPECIAL ANALOG 
CIRCUITS 


PIN 21 LUMINANCE (Vp.p) 


sO 
ie Pa HES ies SS Se Be eB 


0 2 4 6 8 10 12 14 
CONTRAST CONTROL (V) 


FIGURE 3. TYPICAL P21 LUMINANCE OUTPUT vs CONTRAST 
CONTROL 
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CA3217 
Typical Performance Curves (Continued) 


Ta = 425°C, LUMA = 0.5Vp.p (30% SYNC)| | | |_| 
HUE = 6.3V, SATURATION = 6.3V pe eS 


T,=4+25°C, CHROMAINPUT = 250mVpp | | |_| 
BURST = 125mVp.p, CONTRAST = 11.2V 


od eee eS eee a § 2200) BRIGHTNESS = 4.0V, BEAM LIMITER = 11.8V ||| 
et > 
10 E 
wo Po rs = 1800 
g a “Sov HE Sen. eae Ree 
: 
1400 
aS re UN 9 
& a Re 1 
1000 
: CLI _T-L_J_T a1richtness Pin 24 : or 8 RA Be se ss 
Se ge BE = 600 
ie. z- Het 
OD ae ls os ee a ga 200 
ak csSasnss saa CTI Lu at 
9 10 11 12 
PIN 28 BEAM LIMITER (V) SATURATION jatidie a> cde 
FIGURE 4. TYPICAL BEAM LIMITER vs CONTRAST AND FIGURE 5. TYPICAL P1 CHROMA OUTPUT vs SATURATION 
BRIGHTNESS CONTROL 


T, = +25°C, CHROMA INPUT = 250mVp.p 
BURST = 125mVp.p, LUMA = 0.5Vp_p (30% SYNCH 
HUE = 6.3V, BRIGHT = 4.0V, PIN 28 = 11.8V 


fone 
Tied Lay 
te et 


PIN 21 OUTPUT 


INITIAL CONDITION 
ADJUST PIX CONTROL FOR 1Vp.p 
LUMA (BLK TO WHT) 
ADJUST SAT. CONTROL FOR 1Vp.p 
RED (BLK TO PEAK) 

2 4 s 8 10 12 

CONTRAST CONTROL (V) PICTURE CONTROL (V) 
FIGURE 6. TYPICAL P1 CHROMA OUTPUT vs CONTRAST FIGURE 7. TYPICAL LUMA/CHROMA TRACK 
CONTROL 


PIN 1 CHROMA OUTPUT (mVp.p) 


, T, = +25°C, CHROMA INPUT = 250mVp.p 
a SATURATION = 6.3V, BRIGHTNESS = 4.0V 


Fede 
| Y | | BEAMLIMITER = 11.8V 
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*26V 15K 33K 
e 
330 sf 2702 
p 
= 102 22 wF 
0.01 0.01 !'090 | 
F F oF 
»” lowe . + 18,4 1oK 
1000 pF MA epee 
p 120 
CHROMA 0.01 001 ee 20 
* ee | 220K 
‘ 1O mF a 0.47% F 
tO oe cp A, 29 
19 
W2V 
& 
39K ae 
330K | 4702 
100 K Im 357545 ae 01 OVERLOAD/ 
| MHz =" FLESH 
= = 
0.0! \O00pF 
nF BS 
= 
SANDCASTLE PULSE IN 
5-25 33 K N2v $ 82002 W2V 
@ 7 
100 K = 5K 
/ = = 
ieee HUE SAT 


FIGURE 8. TYPICAL APPLICATION CIRCUIT 


CHROMA 


BURST 


CHROMA 
SIGNAL 


LUMA 
SIGNAL 


6.5uS 


KEY AND 
BLANKING 


ic Ht pes ES 


BLANKING 


FIGURE 9. TEST SIGNALS FOR THE CA3217E 
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SPECIAL ANALOG 


Ane CA3256 


BiMOS Analog Video 
March 1993 Switch and Amplifier 
Features Description 

¢ 5 Multiplex Video Channels The CA3256 BiMOS analog video switch has five channels 
- 1 Independent Channel of CMOS multiplex switching for general-purpose video- 
: | signal control. One of four CMOS channels may be selected 
$Shanpala with Enaite in parallel with channel 5. The CMOS switches are inputs to 
e¢ 4 LED Channel Indicator Outputs the video amplifier but may be used in bilateral switching 
between channels 1 to 4 and channel 5. The analog 
Sr ee eset sisal: ig switches of channels 1 to 4 are digitally controlled with logic 
¢ Adjustable Video Amplifier Gain level conversion and binary decoding to select 1 of 4 


channels. The enable function controls channels 1 to 4 but 
does not affect channel 5. LED output drivers are selected 
with the channel 1-to-4 switch selection to indicate the ON- 


¢ High Signal-Drive Capability 


Applications channel. Channel 5 may be used as a monitor output for 

data or signal information on channels 1 to 4. The 
» Nicaa Muppeeeeitch transmission gate switches shown in the block diagram of 
e 75Q Video Amplifier/Line Driver the CA3256 are configured in a “T” design to minimize 


feedthrough. When the switch is off, the shunt or center of 
the “T” is grounded. 


The amplifier has high input impedance to minimize the Roy 
e TV/CATV Audio/Video Switch transmission gate insertion loss. The amplifier output imped- 

: ance is typically 5Q in a complementary symmetry output. 
* Video Signal Adder/Fader Control The amplifier can directly drive a nominal 75Q coaxial cable 
to provide line-to-line video switching. The gain of the ampli- 
; ; fier is programmable by different feedback resistor values 
Order ing Information between pins 8 and 9. Compensation may also be used 


PART TEMPERATURE between these pins for an optimally flat frequency response. 
NUMBER RANGE An internal regulated 5V DC bias reference with temperature 
= - compensation permits stable direct-coupled output drive and 
CA3256E ~40°C to +85°C 18 Lead Plastic DIP minimizes DC offset during signal switching. 
CA3256M -40°C to +85°C 20 Lead SOIC 


¢ Video Signal-Level Control 
¢ Monitor Switching Control 


Pinouts 
CA3256 CA3256 
(PDIP) (SOIC) 
TOP VIEW TOP VIEW 
IN3 [1 18} CONTROL B IN3 [1 20] CONTROL B 
LED4 | 2) IN2 LED4 | 2 119] IN2 
In 4 [3] 6] CONTROL A In4 [3] 48] CONTROL A 
GND | 4| 45] IN 1 GND | 4) 17] NC 
Vee [5! 14] Voc Vee 5) 46] IN4 
ENABLE [6] 3] IN/OUT 5 ENABLE | 6| 15] Voc 
CONTROL C fa] LED 1 CONTROL C 114] IN/OUTS 
FEEDBACK [8| Hi] LED 2 yc caeein : = ag 
AMPL. OUT | 9) HO} LED3 a Fihiee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 1769.3 


CA3256 


Block Diagram 


FEEDBACK 4x 
IN/OUT ¥ AMPLIFIER 


ce ¥ (8) 
apn ait ca oceaege, 10K OUTPUT 
‘Se Be SS ee a 
86d>b00= Lis ri, LO 
. 10K 


V a) LED DRIVER 
is = 
———_ ee 
> € 


> GB 
es : 
@ 
6 = cea SS 
SS a ee 
Vee (5) 
c (7) Si 
IN OUT 2 aa OUT IN OUT 
lt BR a Sw { SW 
CONTROL = OPEN = CLOSED 
FIGURE 1 
(DIP PIN OUT) 


Switch Control Logic 


SPECIAL ANALOG 
CIRCUITS 


Channel 1-4 
Channel 5 Only 


“ For Maximum Video Bandwidth, Use Single Channel Selections 
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Specifications CA3256 


Absolute Maximum Ratings 


DC Supply Voltage Range, Voc (Referenced to Veg)........ +18V Operating Temperature Range .............065: -40°C to +85°C 
Control Input Voltage Range, All Inputs .............. VeetoVcoc Storage Temperature Range................-- -65°C to +150°C 
Signal Input Voltage Range, Channel 1-5 .............26. 3Vp-p Lead Temperature (Soldering 10S) .......... ee eeeeees +300°C 
Amplifier Output GOON. e605 ede s 658 ee bet owes 30mA 
DO TED Gare cA dade 0 os 555s BERET ea 30mA 
Junction Temperature (Plastic Packages)............... +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T, = +25°C, Nominal Data for Veg = 12V; Veg = GND 


TYPICAL VALUE 
omer si Coreivente tev 
z 
Yo 
vn 
Off Isolation, Channel to Channel, Z;y = 75Q 


Channel Control Switch A, B, C and Ey Threshold VrTH 
(Note 1, 2) 


Approximately. (Voc-Vee v2 


CAUTION: Connect the Vee power supply voltage before or during the Voc turn-on. 
NOTES: 

1. Threshold value is referenced to GND. 

2. Vy is restricted by the equation, Vy < Voc -1. 
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Specifications CA3256 


Electrical Specifications T, = +25°C, Voc = +12, Viep = +12, Veg = GND, Pin 4 = GND, Feedback Switch Closed, Vuign = 9V, 
Viow = 3V (See Figure 3), Unless Otherwise Specified. 


| CHANNEL SWITCH CONTROL SWITCH CONTROL 


aie oe 
pele | 


Dual Supply Current 
Voc = +7, Vee =-5 


Amplifier Output, 
Open Loop 


Amplifier Output, 
Closed Loop, 
Viep = OV 


Channel Control 
Input A, B, C, 
Enable Leakage 


Amplifier Output 
Offset Vo Feedback 
Switch Closed 

Voc = +7, Vee a5 


Closed Loop Unity 
Gain 


NOTES: 
1. Voyr = +3V. 
2. Vout = +7V. 
3. DIP Pinout 


Measure at 3V, 9V each; 


Enable and Channel 
Switching Control Inputs 
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SPECIAL ANALOG 
CIRCUITS 


CA3256 


Typical Applications 


SV YEE Yoc+7V TO +12V Ry 
pone Mi apart ecaeeaebaaccaedeaacaaaaeanea2anaen2za2ea eae 
100K ae BIAS ees ust TO CABLE 
| oureut 
‘ 
‘ 
é 


i 


752 75Q 
a ee 


Gy) 
~_ 
2 
= 
g 
“ 
: 
= 
S| 
f 
g 
Ed 
> 
mi 
<i 
m 
o 


a7 
LED INDICATOR CHANNEL 2 
2 OF 5 
INPUTS $ 
SHOWN 
LED INDICATOR CHANNEL 3 
(3) 
LED INDICATOR CHANNEL 4 
> / 
INPUT/ —> >—J ® a ‘ Rts 1K 
OUTPUT ‘ ; Avs |1+ X 0.9 
‘ = ‘ 10K 
CSE coc eee eee esse beowsesesbeed ceceesbdeoeseoeneacaes a 
A B Cc i.e. FOR Ay= 1.8 
ENABLE 
CHANNEL (&) CA ?) (4) Ry= 9k 
sage O85 SELECT 
47KS 47KS erect 347% Guannelo 47K == GND 
CHANNEL 5 


¢ ° 1-4 ° ° 


FIGURE 2(a). TYPICAL APPLICATION BIAS CIRCUIT DIRECT-COUPLED OUTPUT WITH V¢__ = -5V (DIP PINOUT) 
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CA3256 


Typical Applications (continued) 


VEE Vec 
TOGND +412T0+18V 


100 K Vout 2 
75Q VouT 1 
--w— 
2.2 uF — 752 
CHANNEL1 —> Be 
ee ee LED INDICATOR CHANNEL 4 
VLED 
ode 12 
LED INDICATOR CHANNEL 2 
20F5 
INPUTS 
SHOWN LED INDICATOR CHANNEL 3 
LED INDICATOR CHANNEL 4 
CHANNEL 5 ed il 
‘ities i WHERE AMPLIFIER GAIN: 
OUTPUT Re+1K 
75Q == Ay: E r ; X 0.9 
10K 
ae ENABLE A iB c FOR THIS CIRCUIT: g 
CHANNEL (6) i) Wo, © (4) Voc = +12V ° 
1-4 SELECT <” SELECT = Az11X zo” 
4.7K> 4.7K > CHANNEL CHANNEL > 4.7K “= GND BW = 18MHz (SINEWAVE) z = 
: Eee se Vout = 1Vpp Bes 
Re = 1K < a 
© © 
FIGURE 2(b). TYPICAL APPLICATION BIAS CIRCUIT AC-COUPLED INPUT WITH Veg = GND (DIP PINOUT) 2 


Waveform Display (Figure 2b) Pulse Performance = 20ns tp for 0 to 


VIN 2V Pulse. 


Vec = +12V, Re = 1kQ, Coomp = 6pF, Pin 9 at VEE(GND): 


VouT 
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CA3256 


Typical Applications (Continued) 


15pF 


ow 
a 
an 
©) 
< 
e 
4 
* 
3 


IN 1 
G-1 


@ 
: 
| 


6 
‘ 
UY] 
‘ 
é 
U] 
4 
4 
‘ 
IN2 17)— 
4 
75Q y 
+ 
IN3 (1)}— 
‘ 
750 
é 
IN4 (3 }-—4 
‘ 
75Q 
/ -@) 
ae ‘ LED 1.2K 

§ 

‘ é 

r 6 

IN5 (3) 
U] 

‘ 

75Q = } 

6 

— 2 G * 

(6) ENABLE fis) (Gs) (7) (4) 
* Adjust offset for Voc at pin 9 equal to zero volts with no AC signal and one channel “ON”. OND 


Dynamic clamping may be accomplished by error current feedback to pin 8. 


FIGURE 2(c). TYPICAL APPLICATION BIAS CIRCUIT DC-COUPLED INPUT AND OUTPUT. THE Vp.p OUTPUT CAPABILITY IS FIXED 
BY THE Vcc AND Veg RANGE. (DIP PINOUT) 


» +1 
2Vpp 0 
1 
| 10 
10V | 
0 


4us/DIVISIO 


PHOTO 1. WAVEFORM DISPLAY (FIGURE 2c) GATED OUTPUT FOR Vg = +12V 
ENABLE = HIGH, CONTROL B = C = LOW, CONTROL A = 10V PULSE. 
THE BURST OUTPUT IS DELAYED ~ 400ns AT ton, tore: 
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CA3256 


Typical Applications (continued) 


S S 
o D 
> > 
fe) a 
3 3 
t=] oe 
10ys/DIVISION 10ys/DIVISION 
PHOTO 2. STANDARD NTS COLOR BAR PHOTO 3. UNIFORM STEP SIGNAL WITH 3.58MHz 
MODULATION 
Test Circuits 
VEE Voc 9 +12V 
FEEDBACK 
FEEDBACK Switch 
AMPL 
OUT 
(9) A 
IN 1 
© VLED 
1.1 K OD +12 Vv 
IN2 b- (12) 
(7) 5 
zn 
— oo a Ef 
IN3 ap : ® 19 
® <6 
lu 
ea Oe 5 
ph ae ee - 
(3) St Tae 
> @ 


AND CHAN 1-4 
; 2 eee Q 
(6)ENABLE (16)A (48)B (7) ¢ 


CONTROL INPUTS (CHANNEL SELECT) 


FIGURE 3. CA3256 TEST CIRCUIT (DIP PINOUT) 


7-61 


CA3256 


Test Circuits (Continued) 


Vin = 200mV(pp), AT LOW FREQUENCY 0dB REF. EQUAL 
1.13 x GAIN AMBIENT TEMPERATURE (Ty, = 25°C) 


1 1 10 100 


0.01 0. 


VIN 


-10 


FREQUENCY (MHz) 


FIGURE 4(a). GAIN-BANDWIDTH CHARACTERISTICS OF FIGURE 4(b). TEST CIRCUIT 
FIGURE 2(b) WITH COMPENSATION 
CAPACITOR, Ccoup, AND Ry, SEE FIGURE 4(b) 
AND FIGURE 6(1). 


Vout = 200mV(pp), AT LOW 

FREQUENCY 0dB REF. GAIN WITHOUT 
EEDBACK = 30dB AMBIENT 

TEMPERATURE (Ta = 25°C) 


NO FEEDBACK 


Vin 220uF 
O ite OUTPUT 


TG AMPL. 


1 
FREQUENCY (MHz) 


FIGURE 5(a). OPEN LOOP GAIN-BANDWIDTH FIGURE 5(b). TEST CIRCUIT 
CHARACTERISTIC OF FIGURE 2(b) WITH NO 
FEEDBACK, SEE FIGURE 5(b) AND FIGURE 6(5) 
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CA3256 


Test Circuits (Continued) 


7pF A=1.1X 
BW = 18MHz 
1K Vout = 1Vpp 
seers wal 
© 9 Vout 
75Q 
(1) 
2pF 
1K 
fa ner) ag 
© -———© Vour 


A=1.1X 
BW = 40MHz (1.2 X GAIN PEAK AT 25MHz) 
Vout = 200m Vpp 


(3) 
BW = 250kHz 
© NOFEEDBACK = y_,.. = 200mVpp 
© Vout 
1500 
(5) 
6pF Az=1.1X 
BW = 28MHz 
Vout = 2Vpp 
75Q 


(7) 
FIGURE 6. OTHER TABULATED RESULTS FOR VARIATIONS OF LOAD AND FEEDBACK FOR CIRCUIT, FIGURE 2(b); Voc = +12V 


2pF A=2X 
BW = 15MHz 
Vout = 2Vpp 


NOTE: 470Q added to increase source drive current. 


(2) 


Vout! Vout2 
A=1.1X 2X 
BW = 15MHz 26MHz (UNITY GAIN) 
Vout = 200mVpp 400mVpp 
(4) 
7pF A= 3.6X 
BW = 6MHz 
30K Vout = 200mVpp 


ee 
(9) t—O Vour 


CIRCUITS 


(6) 


SPECIAL ANALOG 


OFFSET ADJ. 
+ (SETS DC OUT LEVEL) 


200K A=1.1X 
BW = 28MHz 
Vout = 2Vpp 
Rs $ ADJ. 1502 
' Voc = 5V 
———g 


NOTE: Add Rg to reduce high-frequency slewing. 
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CA3256 


Application of High Speed CMOS 

Analog Switches 

CMOS analog switches are available in a wide variety of 
forms, and have been known and used for some time. There 


are a number of advantages to using the CMOS transmis- 
sion gate as a switch: 


¢ Ideal Suitability to Series Cascade Arrangements. 

¢ Simple Multiple Parallel Input Switching Arrangements. 
¢ No Bipolar Junctions and, Hence, No Offset. 

¢ Very Low Power Consumption. 

Wide Signal-Swing Capability. 


Fast Multiplexing and Video Switching in High-speed 
CMOS. 


e Wide Bandwidth in High-Speed CMOS. 
¢ Low RON Channel Resistance In High-Speed CMOS. 
Bidirectional Signal Handling. 


An Integrated Video-Switch Amplifier 


Commonly, integrated video-switch amplifiers have been 
fabricated in the bipolar technology using differential amplifi- 
ers in a current-switching mode. In this form, two differential 
pairs are needed for two input-signal sources. The handling 
of multiple sources is very much more complex. The advan- 
tages of the CMOS video-switch amplifier have already been 
noted. While the bipolar video switch has high output drive 
and switching speed as advantages, the price is high in volt- 
age offset and current drain. The integrated device solution 
that is offered here is in the use of the BIMOS technology, 
where both the CMOS and bipolar processes complement 
each other to provide CMOS switching with bipolar amplifi- 
ers. The BiMOS process allows severai CMOS switches to 
be coupled to a bipolar drive-amplifier in the same process 
to exploit the best of two technologies. 


Other advantages are gained when the BiMOS process is 
used for an IC video-switch amplifier design. The BiIMOS 
process Calls for a p-substrate and, therefore, isolated n-epi- 
taxial boats can be built for both n and p channel parts. The 
boats provide for better isolation of the n and p channels. 
The n and p wells in a transmission-gate cell can be 
switched between source and rail; therefore, they have a 
smaller body effect on both n and p devices, which results in 
better gain linearity. Where desired, oxide capacitors are 
available for bipolar amplifier compensation. 


CA3256 Video-Switch Amplifier 


The block diagram of Figure 1 shows the functional diagram 
of the CA3256, which consists of five MOS channels, each 
comprising a three-element T-switch. The output of the five 
switches is made common and fed into the input of a bipolar 
buffer amplifier. The T-switch, together with the input 
impedance of the buffer, is typically 10kQ, and has an inser- 
tion loss of approximately 0.8dB. The T-switch was designed 
to handle up to 3Vpp input signal with low distortion. The 
T-switches of the CA3256 conform to a break-before-make 
format; hence, shorting to ground is eliminated. 


The amplifier is programmable for gain and, typically, can 
provide a gain of 1 into a 75Q load or a gain of 5 into a 1kQ 
load. The maximum output signal swing with linearity is 
greater than 5Vpp for (Voc - Veg) greater than or equal to 12 
volts, while the maximum output current is approximately 
20mA. The amplifier has base-current compensation to 
reduce offset and a temperature compensated 5-volt zener 
referenced bias. Other features include LED-selector 
indicators for channels 1 through 4. The fifth channel is inde- 
pendently selectable for use as a separate input or output in 
parallel with any on channel, and may be used as a monitor, 
or for pass-through, signal summing, or parallel distribution. 


In the application, the user has the option to specify -5 volts 
Vee for the switch and a ground reference for the amplifier 
input and output. Alternatively, the CA3256 may be used 
with a single +12 volt supply. The logic select for channels 1 
through 4 is controlled by the A, B and Inhibit lines with 
ground to Voc logic switching. The logic threshold is approx- 
imately ~ (Vcc - Veg)/2 referenced to ground. DC coupling 
may also be used at the output (when VEE is returned to a 
-5 volt supply). For the circuit of Figure 2(b). AC coupling is 
used at the output and input. The switching bias 
arrangement shown provides for stable bias across each 
switch when in the off position to minimize transients when 
the input is switched. 


Any combination of switch input circuits can be configured 
with multiple, parallel, line-drive outputs. The video-switch 
amplifier circuit of Figure 7 illustrates how the CA3256 may 
be configured in pairs to provide an 8-to-1 video-switch 
amplifier using a 3-bit address to select the input. It is also 
possible to use the fifth channel input to tie signals to a 
common bus line for distribution from the selected amplifier; 
however, distributed capacitance loading will result in 
reduced bandwidth. The 4 plus 1 combination of input-signal 
switching provides for a wide assortment of video-switch 
circuit configurations. 


While the BiIMOS process does provide some compromises 
for both the switch and the amplifier, the combined system is 
capable of the performance needed in most high-quality, 
switching applications. As an integrated system, many of the 
problems in pc-board layout are simplified, and there is a 
reduction in component count. In its simplest form, with +12 
and -5 volt supplies, the CA3256 may be DC connected at 
the input and output; the LED indicators need not be 
connected. Under these conditions, the circuit may be as 
simple as the one in Figure 7. 


Summary 


While each video-switch amplifier is designed for a specific 
application and, to that end, is tailored as far as performance 
to a given set of specifications, the circuit-designer’s goal is 
generally the same in every case: to make the best possible 
switch for the lowest cost. In this respect, the CA3256 IC 
switch and amplifier discussed provide an excellent choice 
for a cost-effective high-performance video-switch amplifier, 
by taking advantage of the complementary features of both 
high-speed CMOS and bipolar integrated circuits. 


7-64 


CA3256 


Typical Applications (Continued) 


CIRCUITS 


FIGURE 7. AN 8-TO-1 VIDEO-SWITCH AMPLIFIER USING TWO CA3256 DEVICES. 


SPECIAL ANALOG 
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eTenne CD22402 


Sync Generator for TV Applications 


March 1993 and Video Processing Systems 
Features Description 
e Interlaced Composite Sync Output The Harris CD22402* is a CMOS LSI sync generator that 


produces ail the timing signals required to drive a fully 2-to-1 
interlaced 525-line 30-frame/second, or 625-line 25-frame/ 
* Crystal Oscillator Operation second TV camera or video processing system. A complete 
e 525 or 625 Line Operation sync waveform is produced which begins each field with six 
serrated vertical sync pulses, preceded and followed by six 
half-width double frequency equalizing pulses. The sync out- 
¢ Wide Power Supply Operating Voltage ........ 4-15V put is gated by the master clock to preserve horizontal phase 
continuity during the vertical interval. 


¢ Automatic Genlock Capability 


e Vertical Reset Option 


Applications 

The CD22402 can be operated either in “genliock” mode, in 
* Cameras which it is synchronized with a reference sync pulse train from 
¢ Monitors and Displays another TV camera, or in “stand-alone” mode, in which it is 
e CATV synchronized with a local on-chip crystal oscillator (the crystal 

and two passive components are off chip). Also, the circuit can 
° Teletext sense the presence or absence of a reference sync pulse train 
¢ Video Games and automatically select the “genlock” or “stand-alone” mode. 
¢ Sync Restorer A frame sync pulse is produced at the beginning of every odd 
© Video Service Instruments field. The vertical counter can be reset to either the first equal- 

izing pulse or the first vertical sync pulse of the vertical inter- 
Ordering Information val. The interlaced sync provided by the CD22402 differs from 


RS-170 by having slightly narrower sync and equalizing 
pulses. The clock frequency of 32 times horizontal rate allows 
for approximately 4s horizontal pulse widths and 2us equal- 
izing pulses. Otherwise operation can be phase locked to a 
color sub-carrier for a full interlaced operating system. 


PART TEMPERATURE 
NUMBER RANGE 
CD22402D -40°C to +85°C | 24 Lead Ceramic Sidebraze 
DIP 


CD22402E -40°C to +85°C | 24 Lead Plastic DIP 


The CD22402 is operable with a single supply over a voltage 
range of 4V to 15V. 


* Formerly Developmental Type No. TA6993. 


Pinout CD22402 (PDIP, CDIP) 
TOP VIEW 


DELAY, GENLOCK TO CRYSTAL OSCILLATOR | 1 24] RESISTOR CONNECTION FOR GENLOCK OSCILLATOR 


CRYSTAL OSCILLATOR FEEDBACK TAP | 2. 23] MASTER FREQUENCY INPUT 


Vss | 3 


HORIZONTAL DRIVE OUTPUT | 4 | 


R-C CONNECTION FOR GENLOCK OSCILLATOR 
21] DELAY, GENLOCK TO CRYSTAL OSCILLATOR 


MIXED SYNC OUTPUT | 5 120] GENLOCK INPUT (COMPOSITE SYNC) 


GENLOCK OSCILLATOR CAPACITOR CONNECTION | 6 | 191 Vop 
MIXED BEAM BLANKING OUTPUT 18] 525 LINE TO 625 LINE OPERATION SWITCH 
VERTICAL COUNTER RESET TO FIRST EQUALIZING PULSE | 8 | VERTICAL PROCESSING BLANKING OUTPUT 
VERTICAL DRIVE OUTPUT | 9 | 116] SHORT VERTICAL DRIVE OUTPUT 
VERTICAL RESET TO FIRST VERTICAL SYNC PULSE | 10, 115] FRAME SYNC OUTPUT (ODD FIELD) 
HORIZONTAL CLAMP OUTPUT | 11 | 114] HORIZONTAL PROCESSING BLANKING OUTPUT 
Vg | 12 113] MIXED PROCESSING BLANKING OUTPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 686 2 
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Specifications CD22402 


Absolute Maximum Ratings Operating Conditions 
DC Supply Voltage Operating Temperature Range 

Voltage Referenced to Vsg Terminal.................5-- 15V PRONROG TVDO Oi5cs oo Sa Gio ss cc cee eee -55°C to +125°C 
‘Input Voltage Range, All inputs (Notes 2,3) ....... Vss $ Vi S Vop POCO TUNG Go 5 ok en rss ese eherssans -40°C to +85°C 
DC input Current, Any One Input (Note 2)................. +10mA Storage Temperature Range.............5.06- -65°C to +150°C 
Power Dissipation Per Package 

Ta = -40°C to +60°C (Package Type E)............... 500mWw 


Ta = +60°C to +85°C 
(Package Type E) .... Derate Linearly at 12mW/°C to 200mW 
Ta, = -55°C to +100°C (Package Type D) ............. 500mWw 
Ts = +100°C to +125°C 
(Package Type D) .... Derate Linearly at 12mW/C to 200mW 
Power Dissipation Per Output Transistor 
T, = Full Package Temp. Range (All Package Types)... . 100mW 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Values at -55°C, +25°C, +125°C Apply to D, H Packages. 
Values at -40°C, +25°C, +85°C Apply to E Package 


TEST 
CONDITIONS LIMITS AT INDICATED ae 
DC ELECTRICAL SPECIFICATIONS 


ean ed A ae Oe MO 


160 
| 787_|_672_| 960 | 1920 | 
dAdo | 400_ 


6 [6 | 20 | -100 
1820, 
EuECE 400 | 


> 


& 
& 


[FEF 


Output Voltage High Level ae Min. 
Input Low Voltage Vit 


Input High Voltage Vin Min. 


= 
ERE 


PEE EEPPPPPEPEL 


Input Current 
Refer to the CD4000B Series data book 250.5 for general operating and application considerations. 
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Specifications CD22402 


Switching Electrical Specifications 1, = +25°C and C, = 15pF. Typical Temperature Coefficient for All Values of Vpp = 0.3%/°C 


TEST 
CONDITIONS 
UNITS 


Output State Propagation Delay Time (50% to 50%) 


Low-to-High Level 
High-to-Low Level 
Output State Transition Time (10% to 90%) 
Low-to-High 
High-to-Low 
Input Capacity (Per Input) 
NOTE: 


1. The characteristics given are defined for unbuffered gate in the CMOS process of the CD22402. 


2. To prevent damage to the input protection circuit, input signals should never be greater than Vpp nor less than Vgg. Input currents must 
not exceed 10mA even when the power is off. 


3. A connection must be provided at every input terminal. All unused inputs must be connected to Vpp OF Vss, whichever is appropriate. 


Pin Descriptions 


| PINNO. | SYMBOL DESCRIPTION 


XRC Delay, Genlock to Crystal Oscillator. Resistor, diode and capacitor connection for delay that automatically 
turns on the crystal oscillator when the genlock input is removed. When the signal on terminal 1 is high the crys- 
pai tee 


tal oscillator is inhibited. Typical values for R and C are 1MQ and 0.001p1F. For operation as a crystal controlled 
raed | Net | 
rae ae Le 
ace | ue 
le ae 
a 
Sat 
9} VD 
eaenes 


Stand alone sync generator without genlock, terminal 1 should be hardwired to Vgg. 


Crystal Oscillator Feedback Tap. Feedback connection (tap) for crystal oscillator. When a crystal (shunted by 
a 1MQ resistor) is connected between this terminal and terminal 23, and a 100pF capacitor is connected from 
this terminal to Vgg, the sync generator creates its own master frequency. For a 525-line, 30-frame/second ras- 
ter, the crystal frequency is 504.000kHz*; and for a 625-line, 25-frame/second raster, the crystal frequency is 
500.000kHz". 


Negative Power Supply Voltage. This terminal must be hardwired to terminal 12 (Vgg). 
Horizontal Drive Output. 
Mixed Sync Output. 


Capacitor Connection for R-C Genlock Oscillator. 


Mixed Beam Blanking Output. 


Vertical Counter Reset to First Equalizing Pulse. A low level signal on this terminal resets the vertical counter 
to the first equalizing pulse of a field. When not in use this terminal should be connected to Vpp. 


Vertical Drive Output. 


Vertical Counter Reset to First Vertical Sync Pulse. A low level signal on this terminal resets the sync gen- 
erator to the first vertical sync pulse of a field. For genlock operation, terminal 10 is used as a resistor and ca- 
pacitor connection for an integrator network that detects vertical sync pulses in a master sync waveform to which 
the sync generator is to be genlocked. R is 22kQ, and C is 0.001pF. When not in use this terminal should be 
connected to Vpp. 


Horizontal Clamp Output. 


Negative Power Supply Voltage. 
Mixed Processing Blanking Output. 


Py wet | 
Ze ere 
Se a 
ae ee Be Se Horizontal Processing Blanking Output. 
i a Had a 
a vee 


Frame Sync Output (Odd Field). A pulse coinciding with the first equalizing pulse is produced at the beginning 
of every odd field. 


Short Vertical Drive Output. 


7 
17 Vertical Processing Blanking Output. 
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CD22402 


Pin Descriptions (Continued) 


Ce ae ee eee ee 


Operation Switch for 525-Line or 625-Line Raster. A high level signal on terminal 18 causes the sync gener- 
ator to generate a 625-line raster. An internal pulldown resistor is connected to terminal 18, so in the absence 
of an applied input to this terminal, a 525-line raster is produced. 
ee ote Positive Power Supply Voltage. Vpp can be any voltage between +4 and +15 relative to Vss. 
Genlock Input Composite Sync. A negative going reference mixed sync waveform applied to terminal 20 dis- 
ables the crystal oscillator and locks the R-C genlock oscillator to the horizontal pulses of the reference sync 
waveform. Vertical sync detection is achieved by an R-C integrator connected from terminal 20 to terminal 10 


(vertical reset to first vertical sync pulse). An internal pull-up resistor is connected to terminal 20 so that in the 
absence of an applied input the crystal oscillator is enabled and the R-C genlock oscillator is disabled. 


Delay, Genlock to Crystal Oscillator, Resistor and Diode Connection for Delay, Genlock to Crystal Oscil- 
lator. Automatically turns on the crystal oscillator when the input to terminal 20 is removed. 


Resistor and Capacitor Connection for Genlock Oscillator. If the genlock oscillator is not used this terminal 


should be connected to Vsg. C should be 100pF, and R should be a 10kQ potentiometer. 


| XIN | Master Frequency Input. 


Resistor Connection for Genlock Oscillator. 


* 32 times horizontal frequency 


Block Diagram 
CD22402 MONOCHROME TV SYNC GENERATOR WITH AUTOMATIC GENLOCK 
R RCO C VRE SW 
(24) 2) ©) (8) 8) 


VERTICAL 


R-C 
GENLOCK 
OSCILLATOR 


HORIZONTAL COUNTER 


COUNTER 
+16 +525/625 
FIELD 
DECODER 
i = ae 
=a 3 ee COMPOSITE 
oe 
FRAME 
SYNC 
DECODER 


AUTOMATIC 
GENLOCK 
CONTROL 


XIN (23) 
OSCILLATOR 
xTP (2) 
Vss = PINS 3 AND 12 (4) (5) (13) és (45) (16) (9) (17) 
Vpp = PIN 19 © w HD MS MPB MBB FS2. SVD VD VPB 


7-69 


SPECIAL ANALOG 


CIRCUITS 


CD22402 


Logic Diagram 


VERTICAL DRIVE (VERT. RESET 
TO FIRST VERT. PULSE) 


INTEGRATOR 
GENLOCK 
SYNC Hor. LT 
eae OR ey 
1M 
0.001 L.F xe os 
* PIN 21 HIGH WHEN PIN 20 
IS HIGH (OR OPEN) 
CRYSTAL ** PIN 1 HIGH INHIBITS CLOCK 
32 TIMES MN 
HORIZ. 
503.496kHz 
100pF HOR. PROCESS CLOCK TO 
a cle BLANKING COUNTERS 


FIGURE 1. DETAIL OF THE OSCILLATOR/GENLOCK PORTION OF THE CD22402 


Timing Waveforms 


MICROSECONDS —> 0 1.98 3.97 5.95 7.94 9.92 11.90 27.78 31.75 33.73 
504kHz 
OSC. PIN 2 OR 6 


MIXED BLANKING 
PIN 13 


HORIZ. DRIVE PIN 4 eR, at eS 


MIXED BEAM 
(CATHODE) 
BLANKING 

PIN 7 


imei 1.988 


HORIZ. CLAMP 
PIN 11 


i<— 3.97.9 —> 


ee oe een ol ee 
H.SYNC | ; | 
<< 1.98us 1 os eet 


MIXED SYNC 
PINS | EQUALIZING = | 7 


PULSE ; 
<—____-_ 25. 8s 


|x— 3.978 >| 


FIGURE 2. SYNC GENERATOR TIMING - 525/60Hz, HORIZONTAL TIMING WAVEFORMS 
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Timing Waveforms (Continued) 


VERTICAL RESET 
TO FIRST VERTICAL RESET 


is, ele 


UNE NO———> 


MIXED SYNC reas 
PIN § TANINAATUUULUANNA r 


VERTICAL PULSE 


0.57ms —___+_;___+_» 


VERT. DRIVE 
PIN 9 


VERTICAL 
PROCESSING 
BLANKING 
PIN 17 


oReTEG coat We BOREARES GEESE ce 


WIDE BLANKING 
PIN 13 


—— 0.19ms ——> 


SHORT VERTICAL 
DRIVE PIN 16 


MIXED BEAM 


(CATHODE) = : Bis =< | 
piancina LJ LJ LY LI 1 5 ee 2 ee a Se ae LJ 


PIN 7 


FRAME SYNC 
PIN 15 
(ON ALTERNATE FIELDS) 
—>| |<—1.98ys (NOT TO SCALE) 


FIGURE 3. SYNC GENERATOR TIMING - 525/60Hz, VERTICAL TIMING WAVEFORMS 


MICROSECONDS — 0 2 4 6 8 10 12 28 32 
500kHz g 
OSC. PIN 2 OR6 
an 
MIXED BLANKING $s for 
PIN 13 <> 
sO 
<q 
HORIZ. DRIVE PIN 4 © O 
Oo. 
CATHODE 7) 
BLANKING 


PIN 7 
pe ae 


HORIZ. CLAMP 
PIN 11 


ae ag 


: Baie ; 
H. SYNC |_—__ 
PINS | EQUALIZING at | 


MIXED SYNC 


PULSE : 


i eae eg aaeRCCSGS SESE 


ee 


FIGURE 4. SYNC GENERATOR TIMING - 625/50Hz, HORIZONTAL TIMING WAVEFORMS 
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Timing Waveforms (Continued) 


VERTICAL RESET TO 
FIRST EQUALIZING 


LINE NO ———> 


MIXED SYNC 
PIN 5 


VERT. DRIVE 
PIN 9 


VERTICAL 
PROCESSING 
BLANKING 
PIN 17 


WIDE BLANKING 
PIN 13 


SHORT VERTICAL 
DRIVE PIN 16 


CATHODE 
BLANKING 
PIN 7 


FRAME SYNC 
PIN 15 
(ON ALTERNATE FIELDS) 


Ba or 


VERTICAL RESET 
VERTICAL PULSE 


10 


TIAA ULL 


0.57 me 


pees Gries Sse: SEs ¢ es 


—<—— 0.194ms ——>+ 


—>| ~— 2us (NOT TO SCALE) 


FIGURE 5. SYNC GENERATOR TIMING - 625/50Hz, VERTICAL TIMING WAVEFORMS 


FIELD NO. 1 


LINE 0 
=) \~- FIRST EQUALIZING PULSE 


oor] 


‘ 
ails 
— i; 


PIN 9 


Sony 1 CLK =} |<— 2 CLKS 


—>| i< 2ciks >| i—< 2c1ks 
FIELD NO. 2 LINE 262-1/2 (312-1/2) LINE 271 (321) 
=m} |= 1 CLK a! | 1 CLK 
PIN 9 


a i—<— 2 CLKS —<——— 14CLKS ———> 


SEE NOTES 1, 2 


FIGURE 6. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 


(VERTICAL DRIVE - PIN 9) 
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Timing Waveforms (Continued) 


FIELD NO. 1 LINE 0 
a on FIRST EQUALIZING PULSE 
PIN 5 aii 
a! |~<- 1 CLK 
PIN 17 : 
—>| i—— 2CLKS wel i—<— 2CLKS 
FIELD NO. 2 
| I< LINE 262-1/2 (312-1/2) LINE 283 (333) | 
PIN gu {seems a 
es 1 CLK ~— 2CLKS 
PIN 17 zs 
—>| i<— 2CLKS ee 4CLKS -——> 
é SEE NOTES 1, 2 
FIGURE 7. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(VERTICAL PROCESSING BLANKING - PIN 17) 
FIELD NO. 1 LINE 0 LINE = 
>| |< FIRST EQUALIZING PULSE 
PIN 5 oe 
—>i |< 1c1k |~— 2cLks a0 
ei i—<— 4CLK bo 
PIN 13 q2> 
Paar is (}) 
<x 
© O 
Li 
oW 
; ” 
: JS ——<—- 
FIELDNO.2 >| iS 2CLKs Micra | = sae al 
LINE ie (312-1/2) LINE — (333) 
PINS 5 ay, 19 


| 1 CLK :  |~=— 2CLKS 
PIN 13 


—>| i<— 2ciks —— acks 
SEE NOTES 1, 2 


FIGURE 8. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(MIXED PROCESSING BLANKING - PIN 13) 
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Timing Waveforms (Continued) 


FIELD NO. 1 LINE 3 
| 


PIN 5 


PEPPER EEPaAPA EEE P PRADA MERE EPP PEAALD Ee 


—>| i~<— 2cLKs 
PIN 16 


FIELD NO. 2 
LINE 265-1/2 (315-1/2) LINE 268-1/2 (318-1/2) 


PI N 4 PaaRLDaax 4 


(—LALttAtbb Ahhh hhh hhh hh hh hhh hhh hh hhh hh hha 


PIN 16 


1 = 2cixs —| i e2ciks 
SEE NOTES 1, 2 


FIGURE 9. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(SHORT VERTICAL DRIVE - PIN 16) 


- 2 ne 3 LINE LINE 
PIN 5 . 5 
| CLKS : 
1CLK—>? | 
PIN 7 WPL Law. : i ial 
fl | i<— 2CLKS 2ciks—=| |«—>| 4cLKs 
LINE 5 (315) LINE va (315-1/2) LINE 268-1/2 (31 Bi a 269 (319) 


1 CLK —>+ |~—— 15 cLks it 


PIN 7 
? 16 CLKS 


rel gcuxs —l  — 2cuxs 2ciks—1 | 
SEE NOTES 1,2 


FIGURE 10. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(MIXED BEAM BLANKING - PIN 7) 


NOTES: 
1. Waveforms shown are for 525 line/60Hz, line number in parenthesis are for (625 line/50Hz). 
2. Timing widths by clock count; for 525 line, 1 CLK = 1.98; for 625 line, 1 CLK = 2us; 1 horizontal period = 32 CLKS. 
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Typical Applications (Refer to Application Note, AN-8742, for more information) 


HORIZ. PHASE ADJ. V+ 


MIXED SYNC. OR SYNC 
COMPOSITE VIDEO INPUT RESTORER HORIZONTAL DRIVE 
HORIZONTAL CLAMP 
MIXED BEAM (CATHODE) BLANKING 
metho AD >— MIXED PROCESSING BLANKING 
HORIZONTAL PROCESSING BLANKING 
FROM SHORT 100pF 
VERTICAL 
DRIVE 
GEN LOCK 
eae E00 VERTICAL DRIVE 
FROM POWER LINE ZERO SHORT VERTICAL DRIVE 
FOR LINE-LOCK >—] CROSSING 
OPERATION |DETECTOR caehaiue 


CRYSTAL a 


Osc. 
100pF 


FRAME SYNC OUTPUT (ODD FIELD) 
VERTICAL PROCESSING BLANKING OUTPUT 


OPERATION SWITCH FOR 525-LINE OR 
625-LINE RASTER 


FIGURE 11. TYPICAL APPLICATION IN A TV CAMERA 


Se 
NEG. HORIZ. SYNC OUT 

ae 1) (TO PIN 20 - CD22402) Be 
<< 
© O 

tL. uu 

oO. 

0.0022) F POS. HORIZ. SYNC OUT dd 


0.5 TO 2Vp.p 
VIDEO SIGNAL IN 


igs BE a oa 


NEG. VERTICAL SYNC OUT 
(TO PIN 10 - CD22402) 


CA5470 BIMOS-E QUAD OP AMP 
PIN 4 TO +5V (V+) 
PIN 11 TO GND (V-) 


Voc =+5 ° 


10npF 2kQ 


GND © 


THE GENLOCK INPUT TO PINS 10 AND 20 OF THE CD22402 ARE DIRECT 
COUPLED TO THE OUTPUT FROM PINS 8 AND 14 OF THE CA5470. REFER 
TO APPLICATION NOTE AN-8742 FOR ADDITIONAL INFORMATION. 


FIGURE 12. SUGGESTED SYNC-SEPARATOR CIRCUIT USING THE CA5470 BIMOS-E QUAD OP AMP IN THE Vcc RANGE OF 4V TO 12V 


7-75 


Ga FARRIS 


SEMICONDUCTOR 


March 1993 


Features 


¢ High Speed Voltage Output......... 
e Low Multiplication error ........... 
e Input Bias Currents......... ioe 
¢ Signal Input Feedthrough.......... 
¢ Wide Signal Bandwidth............ 
e¢ Wide Control Bandwidth........... 
e Gain Flatness to 5MHz............. 


Applications 

¢ Military Avionics 

¢ Missile Guidance Systems 

¢ Medical Imaging Displays 

e Video Mixers 

¢ Sonar AGC Processors 

¢ Radar Signal Conditioning 

¢ Voltage Controlled Amplifier 


e Vector Generator 


Pinout 


HA-2546 (PDIP, CDIP, 300mil SOIC) 
TOP VIEW 


HA-2546 


Wideband Two Quadrant 
Analog Multiplier 


Description 


aA, ree 300V/is The HA-2546 is a monolithic, high speed, two quadrant, 


SAGES 1.6% 
Hevweide ee 1.2uA voltage output with a 30MHz signal bandwidth, 300V/s slew 


analog multiplier constructed in the Harris Dielectrically 
Isolated High Frequency Process. The HA-2546 has a 


rate and a 17MHz control bandwidth. High bandwidth and 


mikes Gogo “520B slew rate make this part an ideal component for use in video 
mean | Hee 30MHz_ systems. The suitability for precision video applications is 


demonstrated further by the 0.1dB gain flatness to 5MHz, 


seems < iui 17MHZ 4.6% multiplication error, -52dB feedthrough and differential 
pa + 0.10dB inputs with 1.2uA bias currents. The HA-2546 also has low 


differential gain (0.1%) and phase (0.1°) errors. 


The HA-2546 is well suited for AGC circuits as well as mixer 
applications for sonar, radar, and medical imaging equip- 
ment. The voltage output simplifies many designs by elimi- 
nating the current to voltage conversion stage required for 
current output multipliers. For MIL-STD-883 compliant prod- 
uct, consult the HA-2546/883 datasheet. 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


|HA1-2646-5 | 0°C to +75°C_| 16 Lead Ceramic DIP__ 


Simplified Schematic 


= 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2861 1 


Copyright © Harris Corporation 1993 
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Specifications HA-2546 


Absolute Maximum Ratings 


Voltage Between V+ and V- ..... eee cece eee 35V 
INGIMUEP DUN WOURGOS sco cos ee ee etre vce ce een codes 6V 
BO, Ee CUES BERGHE oS Sere. +60mA 
To BL | 0 SRM ae a Serer ee Petebe rata +175°C 
Junction Temperature (Plastic Packages)............... +150°C 
Lead Temperature (Soldering 10 Sec.)..............26- +300°C 


Operating Conditions 
Operating Temperature Range 


OBS SLIT seiner cn ieee eee -40°C < Ty < +85°C 
PEC ONO occis ss soc ao knee pe pelea seks 0°C < Ty < +75°C 
A BO ae ee bk ons ree 0°C < Ty < +65°C 
Storage Temperature Range............... -65°C < Ty < +150°C 
Thermal Resistance By Bic 
Ceramic DIP Package............. 71°C/iW 13°C/W 
Plastic DIP Package .............. 86°C/W 25°C/W 
Wide Body SOIC Package.......... 96°C/W 26°C/W 
Maximum Package Power Dissipation 
Ceramic DIP Package at 85°C ................00 eee 1.27 W 
Plastic DIP Package at 76°C... oc ccccee cee core eee 0.87 W 
Wide Body SOIC Package at 65°C ................4. 0.88 W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 15V, V- = -15V, R, = 1kQ, C, = 50pF, Unless Otherwise Specified 


PARAMETER 
MULTIPLIER PERFORMANCE 


Multiplication Error (Note 2) 


Gain Flatness (Note 6, 11) 


DC to 5 MHz 


Voltage Noise (Note 16) 


fo = 10Hz 


Input Offset Voltage 


Average Offset Voltage Drift 


ora 


oa 
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CIRCUITS 


Specifications HA-2546 


Electrical Specifications V+ = 15v, V- = -15V, R, = 1kQ, C, = 50pF, Unless Otherwise Specified (Continued) 


ALL GRADES 


me Toners poe | - | = | - | 
Ee OO 
anal Satemanon aeoroews | eo | _- |» | - | wm 
Ce 
mpeg 7 | oe | | = | le 
a OE GS GC 
eaeenie ee] 
teeter ee oe 
ommetteyer— we pe e 
aS ee 
ES 
ee 


CONTROL INPUT, Vx 


Input Offset Voltage 


em a ea Wi hes 
ee Se cal es oes ees ne 
a 
sna Saiemawean oosreen | eo _| | |_| we 
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Specifications HA-2546 


Electrical Specifications V+ = 15V, V- = -15V, R, = 1kQ, C, = 50pF, Unless Otherwise Specified (Continued) 


ALL GRADES 


=o cs Ce 


Vz CHARACTERISTICS 
Input Offset Voltage (Note 16) 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 


. Error is percent of full scale, 1% = 50mV. 
. fo = 3.58MHZ/4.43MHz, Vy = 300MVp.p, 0 to 1Vdc offset, Vy = 2V. 
‘ fo = 10kHz, Vy = 1Vams: Vx = 2V. 
Slew Rate 
. Vx = 2V, Full Power Bandwidth calculated by equation: FPBW = ————., Vpgax = 5y 
Vea 2V 2" VpEAK 
x= ° 
. Vy = 0 to 5V, Vy = 2V. 
- Vout = t5V, Vx = 2V. 
. Vout = 0 to t100mV, Vy = 2V. 
R Vs = +12V to t15V, Vy = 5V, Vy = 2V. 
. Guaranteed by characterization and not 100% tested. 


CONDO & WD 


ee ea * 
mo — ©& 


. See Test Circuit. 

. Vy = 5V, Vy = -1V. 

» fo = SMHz, Vy = 0, Vy = 200MVays-. 

. fo = 100kKHz, Vy = 0, Vy+ = 200MVpaws, Vx = -0.5V. 
. Vy = Vy =0. 

. Vy = 2.5V, Vy = +5V. 

. Vx = 0 to 2V, Vy = 5V. 

. Vx = 0 to 200mV, Vy = 5V. 


Bes Se Si hea Set SR aig Ce apt Ee 
CoA N OO > W 
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CIRCUITS 


HA-2546 


Die Characteristics 


DIE DIMENSIONS: 
154.3 x 173.2 x 19+ 1Imils 


METALLIZATION: 
Type: Al, 1% Cul 
Thickness: 16kA +2 


GLASSIVATION: 
Type: Nitride (SigzN4) over Silox (SiO2, 5% Phos) 
Silox Thickness: 12kA + 2 
Nitride Thickness: 3.5kA + 2kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


Metallization Mask Layout 
HA-2546 


Vaer GND GAA GAC 


2 1 16 15 


VyoB 3 


VyoA 4 


7 8 9 10 
V- Vout Vz+ Vr 
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14 GAB 


11 V+ 


HA-2546 


Test Circuits 
FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 
Vy LARGE SIGNAL RESPONSE Vy SMALL SIGNAL RESPONSE 
Vertical Scale: 5V/Div. Horizontal Scale: 50ns/Div. Vertical Scale: 100mV/Div. Horizontal Scale: 50ns/Div. 


+5V : 


OUT 0 & 

: ai 
eee 
qo 
QO 
VT 
o 

Vy LARGE SIGNAL RESPONSE Vy SMALL SIGNAL RESPONSE 
Vertical Scale: 2V/Div. Horizontal Scale: 50ns/Div. Vertical Scale: 200mV/Div. Horizontal Scale: 50ns/Div. 


OUT 
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Typical Performance Curves Vg = t15V, Ty = +25°C, See Test Circuit For Multiplier Configuration 


R, = 1K, Vy = 2Vdc, Vy = 200mVrms ot es a Bi 


C, = S0pF 


io 
ee 
Ss CCMCCmc Ts : 
ze eee e 
« ' ir 
go 
ag 3 
ae) tf 
90 % F 
135 Q 135 2 
180 4 180 4 
10K 100K 1M 10M 100M 10K 100K 1M 10M 100M 
FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 2. Vy GAIN AND PHASE vs FREQUENCY FIGURE 3. V, GAIN AND PHASE vs FREQUENCY 


oa 
SHEA 
EECA 

- Se TC 
CeCe 


GAIN (dB) 
b 
f= ] 


ee pore EH de Pde Pats I'l 
10K 100K 10M 100M 10K 100K 1M 10M 100M 
deans (Hz) FREQUENCY (Hz) 

FIGURE 4. Vy FEEDTHROUGH vs FREQUENCY FIGURE 5. Vy FEEDTHROUGH vs FREQUENCY 


R, = 1K, Cy = 50pF, Vy = 200mVrms gabe | 41) : 

FUE LAT 

| | ti} | vxe20vde | |) [VI 

ee ee cee TAAL 
tt TP | vx=tovac | |] 

4s 

es ase i 


“12 


Vy+ = 200mVrms, R, = 1K, Vy- = -1Vde nes 
oh 


GAIN (dB) 
ds 


SECC Hct 
10K 100K 1M 10M 100M 10K 100K 1M 10M 100M 
FREQUENCY (Hz) FREQUENCY (Hz) 

FIGURE 6. VARIOUS Vy FREQUENCY RESPONSES FIGURE 7. VARIOUS Vy FREQUENCY RESPONSES 
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Typical Performance Curves Vg = t15V, T, = +25°C, See Test Circuit For Multiplier Configuration (Continued) 


a a 


‘ere ee 
Lis 
— 


ane a a a a 4 

2 ie See MRR anita ae eels eb: 
> => 8 BIAS CURRENT 

gee 8 geek 
2 oe aa aaa a a EP rT ot Loe 
z c 4 Sm 
Nos 5 

< 375 Oo 2 

J 300 

g h, a Baill! 0 


y 2-3 een oon on 0011 Ge Oe Ail |e ce auek sents 
; HH It 7 
1 10 100 1K 10K 100K -55 -25 0 25 50 75 100 125 
FREQUENCY (Hz) TEMPERATURE (°C) 
FIGURE 8. VOLTAGE NOISE DENSITY FIGURE 9. Vy OFFSET AND BIAS CURRENT vs TEMPERATURE 


_ 
oO 


8 
6 
Ss 
ze i 
o 2 3 
Z Mss 
a z 
5 0 cr 
> c 
22 a 
” oO 
ei od 
o 
6 
8 
“10 "155 -25 0 25 50 75 100 125 8 
TEMPERATURE (°C) TEMPERATURE (°C) Z = 
FIGURE 10. OFFSET VOLTAGE vs TEMPERATURE FIGURE 11. V, OFFSET AND BIAS CURRENT vs TEMPERATURE < = 
© 
zo 
OO 
a 
TOE 
pi | tt | 
5 GBS ae ees Sees eee a 
c 
5 
By 
s 


+17 +15 +12 +8 +7 +5 100 1K 10K 100K 1M 10M 100M 
VsupPLy FREQUENCY (Hz) 
FIGURE 12. Vout vs Vsuppy FIGURE 13. Vy CMRR vs FREQUENCY 
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Typical Performance Curves  v, =+15V, T, = +25°C, See Test Circuit For Multiplier Configuration (Continued) 


f= a TA 
= a r rae me 
4 oe Sores SURI 
2 “ | E 40 TTT rssh] | ea! | 
20 a CAPAC SST 
; ia ATE BUS 
PT Cie ee i 
PLL eed teal TT TT EL 
PTET tlt thes eat 
100 1K 10K 100K 1M 10M 100M 100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 14. V, COMMON MODE REJECTION RATIO vs FIGURE 15. PSRR vs FREQUENCY 


FREQUENCY 


See 
-BREPRCCERETT 


SUPPLY CURRENT (mA) 
ICMRI 


TEMPERATURE (°C) VsupPLy 
FIGURE 16. SUPPLY CURRENT vs TEMPERATURE FIGURE 17. CMR vs Vsuppry 


PSRR (dB) 
MULTIPLICATION ERROR (%) 


0 
00 02 04 O06 O08 10 12 14 16 18 2.0 
TEMPERATURE (°C) VOLTAGE APPLIED TO Vy 


FIGURE 18. PSRR vs TEMPERATURE FIGURE 19. MULTIPLICATION ERROR vs Vy 
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Typical Performance Curves _ v, =+15V, T, = +25°C, See Test Circuit For Multiplier Configuration (Continued) 


0.5 


date ere obatet atl x4 
Ooo-NHWOAGTON®DOS 
e 2 
bs & 


MULTIPLICATION ERROR (%) 
°o 
bo 


MULTIPLICATION ERROR (%) 


= 
~~ 


55 3 12 "68 -25 0 25 50 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 20. WORST CASE MULTIPLICATION ERROR vs FIGURE 21. MULTIPLICATION ERROR vs TEMPERATURE 
TEMPERATURE 


GAIN (dB) 


COI 
i 
oe tt 

a a 


SCALE FACTOR 


-0.2 


10K 100K 1M 10M 100M 
FREQUENCY (Hz) TEMPERATURE (°C) 
FIGURE 22. GAIN VARIATION vs FREQUENCY FIGURE 23. SCALE FACTOR vs TEMPERATURE 


SPECIAL ANALOG 
CIRCUITS 


(EET 
Fapol fepOrey oe gc, 


Vs= “4 [| a A | A a 


== 400 
8 coer 2 TELL ATELY 
qi 2 
S = 300 
i fa 
= 7 
- TAR Co « 
3 TAT TAT, = +8 Pi a re 
¥ | | eM ima a 
a | Tie 
4 100 ULL Gnes Onn Gee GD os 
0 
"10 100 1K 10K 100K 60 -40 -20 0 20 40 60 80 100 120 
LOAD RESISTANCE (Q) TEMPERATURE (°C) 

FIGURE 24. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE FIGURE 25. SLEW RATE vs TEMPERATURE 
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Typical Performance Curves Vg = +15V, Ty = +25°C, See Test Circuit For Multiplier Configuration (Continued) 


TTT oe 
EEE EET TT TT 
Pp vccuannes POPP PEELE 
PrITTIT TTT trie 


RISE TIME (ns) 
N 


60 -40 -20 0 20 40 60 80 100 120 
TEMPERATURE (°C) 


FIGURE 26. RISE TIME vs TEMPERATURE 
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SUPPLY CURRENT (mA) 


0 2 4 6 e= 10 “12° 3% 16 18 §20 
SUPPLY VOLTAGE (+V) 


FIGURE 27. SUPPLY CURRENT vs SUPPLY VOLTAGE 


Applications 
Theory of Operation 


The HA-2546 is a two quadrant multiplier with the following 
three differential inputs; the signal channel, Vy+ and Vy, the 
control channel, Vy+ and Vy-, and the summed channel, Vz+ 
and Vz-, to complete the feedback of the output amplifier. 
The differential voltages of channel X and Y are converted to 
differential currents. These currents are then multiplied in a 
circuit similar to a Gilbert Cell multiplier, producing a 
differential current product. The differential voltage of the Z 
channel is converted into a differential current which then 
sums with the products currents. The differential “product/ 
sum” currents are converted to a single-ended current and 
then converted to a voltage output by a transimpedance 
amplifier. 


The open loop transfer equation for the HA-2546 is: 


(V 27V -) (V +7 Vy.) 


where; 
A = Output Amplifier Open Loop Gain 


SF = Scale Factor 
Vx, Vy, Vz = Differential Inputs 


The scale factor is used to maintain the output of the 
multiplier within the normal operating range of +5V. The 
scale factor can be defined by the user by way of an optional 
external resistor, Rex7, and the Gain Adjust pins, Gain Adjust 
A (GA A), Gain Adjust B (GA B), and Gain Adjust C (GA C). 
The scale factor is determined as follows: 


SF = 2, when GAB is shorted to GA C 


SF = 1.2 Rey7, when Rey is connected between 
GA A and GA C (Reyz is in kQ) 


SF = 1.2 (Rext + 1.667kQ), when Rext is 
connected to GA B and GAC (Reyz is in kQ) 


The scale factor can be adjusted from 2 to 5. It should be 
noted that any adjustments to the scale factor will affect the 
AC performance of the control channel, Vy. The normal input 
operating range of Vy is equal to the scale factor voltage. 


The typical multiplier configuration is shown in Figure 28. 
The ideal transfer function for this configuration is: 


(Vx, > Vx.) (Vy, - Vy.) 
2 


0 , when Vy < OV 


Vout = + Vz, , when Vy > 0V 


FIGURE 28 
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The Vy. pin is usually connected to ground so that when Vy, 
is negative there is no signal at the output, i.e. two quadrant 
operation. If the Vy input is a negative going signal the Vy, 
pin maybe grounded and the Vy. pin used as the control 
input. 


The Vy. terminal is usually grounded allowing the Vy, to 
swing +5V. The Vz, terminal is usually connected directly to 
Vout to complete the feedback loop of the output amplifier 
while Vz. is grounded. The scale factor is normally set to 2 
by connecting GA B to GAC. Therefore the transfer equation 
simplifies to Voyt = (Vx Vy) / 2. 


Offset Adjustment 


The signal channel offset voltage may be nulled by using a 
20kQ potentiometer between Vyio Adjust pins A and B and 
connecting the wiper to V-. Reducing the signal channel 
offset will reduce Vx AC feedthrough. Output offset voltage 
can also be nulled by connecting Vz. to the wiper of a 20kQ 
potentiometer which is tied between V+ and V-. 


Capacitive Drive Capability 


When driving capacitive loads > 20pF, a 50Q resistor is 
recommended between Voyr and Vz,, using Vz, as the 
output (See Figure 28). This will prevent the multiplier from 
going unstable. 


Power Supply Decoupling 


Power supply decoupling is essential for high frequency 
circuits. A 0.01pF high quality ceramic capacitor at each 
supply pin in parallel with a ipF tantalum capacitor will 
provide excellent decoupling. Chip capacitors produce the 
best results due to the close spacing with which they may be 
placed to the supply pins minimizing lead inductance. 


Adjusting Scale Factor 


The HA-2546 two quadrant multiplier may be configured for 
many uses. Following are examples of a few typical 
applications. 


Adjusting the scale factor will tailor the control signal, V,, 
input voltage range to match your needs. Referring to the 
simplified schematic on the front page and looking for the Vy 
input stage, you will notice the unusual design. The internal 
reference sets up a 1.2mA current sink for the Vy differential 
pair. The control signal applied to this input will be forced 
across the scale factor setting resistor and set the current 
flowing in the Vy, side of the differential pair. When the 
current through this resistor reaches 1.2mA, all the current 
available is flowing in the one side and full scale has been 
reached. Normally the 1.67kQ internal resistor sets the scale 
factor to 2 volts when the Gain Adjust pins B and C are 
connected together, but you may set this resistor to any 
convenient value using pins 16 (GA A) and 15 (GA C). 


MULTIPLIER, Vout =VxVy/2 1K 
SCALE FACTOR = 2V 


MULTIPLIER, Vout =VxVy/5 «4K 
SCALE FACTOR = 5V 


FIGURE 29 


Example Application Circuits 


In Figure 30 the HA-2546 is configured in a true Automatic 
Gain Control or AGC application. The HA-5127, low noise op 
amp, provides the gain control level to the X input. This level 
will set the peak output voltage of the multiplier to match the 
reference level. The feedback network around the HA-5127 
provides stability and a response time adjustment for the 
gain control circuit. 


This multiplier has the advantage over other AGC circuits, in . 


that the signal bandwidth is not affected by the control signal 
gain adjustment. 
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SPECIAL ANALOG 
CIRCUITS 


HA-2546 


Vout 


1N914 


HA-5127 


V tie uF V 


FIGURE 30. AUTOMATIC GAIN CONTROL 


A wide range of gain adjustment is available with the Voltage 
Controlled Amplifier configuration shown in Figure 31. Here 
the gain of the HFAO002 is swept from 20V/V at a control 
voltage of 0.902V to a gain of almost 1000V/V with a control 
voltage of 0.03V. 


The Video Fader circuit provides a unique function. Here Ch B 
is applied to the minus Z input in addition to the minus Y input. 
In this way, the function in Figure 32 is generated. Vy) will 
control the percentage of Ch A and Ch B that are mixed 
together to produce a resulting video image or other signal. 


Many other applications are possible including division, 
squaring, square-root, percentage calculations, etc. Please 
refer to the HA-2556 four quadrant multiplier for additional 
applications. 


Vout = ChB + (Ch A - ChB) Vuix / Scale Factor 
Scale Factor = 2 

Vout = All Ch B; if Vix = OV 

Vout = All Ch A; if Vaux = 2V (Full Scale) 

Vout = Mix of Ch A and ChB; if OV < Vax <2V 


FIGURE 32. VIDEO FADER 


REF LEVEL IDIV MARKET 1000 000.00Hz 
0.000dB 20.000dB MAG (UDF) 56.431dB 
180.000deg 45.000deg MARKER 1000 000.000Hz 
Hae PHASE (UDF) 177.646deg 
80 
CO anaes SO SISS 
hd Seeee soe eeeteceeesesoeeeces 
SS .. Ee sti 
> 20 
$ 0 we eee 180 
oe SERN TIT 
ST CTI TT SINS 
eee Rl: 


PHASE (DEGREES) 


1M 


100K 10M 100M 
FREQUENCY (Hz) 


10K 


FIGURE 31. VOLTAGE CONTROLLED AMPLIFIER 
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ahem HA-2547 


March 1993 Wideband Two Quadrant Analog Multiplier 
Features Description 
¢ Low Multiplication Error ...........2eeceeeees 1.6% The HA-2547 is a monolithic, high speed, two quadrant, ana- 


log multiplier constructed in Harris’ Dielectrically Isolated 


e Input Bias Currents ................ceeeeeee 1.2uA High Frequency Process. The high frequency performance 

¢ Signal Input Feedthrough at 5MHz............ -50dB of the HA-2547 rivals the best analog multipliers currently 

° Wide Signal Bandwidth................... 100MHz 2Vallable including hybrids. 

¢ Wide Control Bandwidth................00. 22MHz_ he single-ended current output of the HA-2547 has a 
100MHz signal bandwidth (R, = 50Q) and a 22MHz control 

A pp lications input bandwidth. High bandwidth and low distortion make this 


part an ideal component in video systems. The suitability for 
e Military Avionics precision video applications is demonstrated further by low 
multiplication error (1.6%), low feedthrough (-50dB), and dif- 


* Missile Guidance Systems ferential inputs with low bias currents (1.2,,A), The HA-2547 is 


¢ Medical imaging Displays also well suited for mixer circuits as well as AGC applications 

© Video Mixers for sonar, radar, and medical imaging equipment. 

© Sonar AGC Processors The current output of the HA-2547 allows it to achieve higher 
bandwidths than voltage output multipliers. An internal feed- 

¢ Radar Signal Conditioning back resistor is provided to give an accurate current-to-volt- 

° Voltage Controlled Amplifier age conversion and is trimmed to give a full scale output 
voltage of +5V. The HA-2547 is not limited to multiplication 

¢ Vector Generator applications only; frequency doubling and power detection 


? are also possible. 
Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 
HA1-2547-5 0°C to +75°C 16 Lead Ceramic DIP 
HA1-2547-9 -40°C to +85°C 16 Lead Ceramic DIP 


Pinout Schematic 


HA-2547 (CDIP) va 
TOP VIEW 


SPECIAL ANALOG 
CIRCUITS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number y. 862.1 
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Specifications HA-2547 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals ................005- 35V Operating Temperature Range 

Differential Input Voltage. .... 2.6... eee cece ee cee eee ees 6V Po os es Wah ek SRE HO -40°C < T, < +85°C 
Ce BSS se eae ee eee ee nares 3mA PMA a ss oo sos bb os oe Se ee 0°C < Ty s +75°C 
MINGtON TOMneraUees ic. Tk dk HERE yo Sere +175°C Storage Temperature Range............... -65°C < Ty s +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, V- = -15V, Rz (Pin 10) Grounded, Unless Otherwise Specified. Pin 14 connected to pin 15 for 
scale factor = 2. 


MULTIPLIER PERFORMANCE 


Penrenten soar or scmesnes fae] st 


THD+N (Note 3) +25°C 


Output Offset Voltage (Note 4) 
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Vy TRANSIENT RESPONSE 


Rise Time (Note 15) 


Propagation Delay 
CONTROL INPUT, Vx 


Input Offset Voltage 


Average Offset Voltage Drift Ee ee 
Input Bias Current 


Input Offset Current 
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Specifications HA-2547 


Electrical Specifications V+ = +15v, V- = -15V, Rz (Pin 10) Grounded, Unless Otherwise Specified. Pin 14 connected to pin 15 for 


scale factor = 2. (Continued) 
ALL GRADES 


Cc 


PARAMETER NITS 
Input Differential Resistance 

Small Signal Bandwidth (-3dB) (Notes 5, 10) 
Feedthrough (Note 14) 


Input Range (Note 12) 


@) 


+25° 


+25° 

Full 
+25° 
+25° 


+2 


+ 


“Ni 
oa 


Common Mode Range 

CMRR (Note 7) 

Vx TRANSIENT RESPONSE 

Rise Time (Note 16) 

Propagation Delay 

OUTPUT CHARACTERISTICS 

Full Scale Output Voltage (Note 8) 
Full Scale Output Current (Note 11) 
Output Capacitance 


a “4 

Nh m 

2 = 
alafalaale 


a 

nm 

a 
° 


+25°C 


Full 
+25°C 
+25° 
+25°C 


+6.25 


Q 
Ao) 
7 


Output Resistance 
POWER SUPPLY 
PSRR (Note 9) 


ap 
> 


loc 
NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 


. Error is percent of full scale, 1% = 50mV. 

. f = 10kKHz, Vy = 1Vams, Vx = 2V. 

Vy = OV, Vy = OV. 

R, = 50Q. 

. Vy = 0 to t5V, Vy = 2V. 

. Vx = 0 to 2V, Vy = 5V. 

Vy = +5, Vy = 2.5V. 

. Vg = £12V to t15V, Vy = 5V, Vy = 2V. 

. Guaranteed by sample test and not 100% tested. 

. Output current tolerance is +20%. 

. Scale Factor = 2. See Applications Information. 

. f = SMHz, Vy = 0, Vy = 200MVpys. Relative to full scale output. 
. f = 5MHz, Vy = 0, Vy+ = 200MVpys, Vx- = -0.5V. Relative to full scale output. 
. Vy = t5V, Vx = 2V, Ry = 500. 

. Vx = 0 to 2V, Vy = 5V, R, = 502. 
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Die Characteristics 


PransiinCoun ics bc eed tone eok ace 75 Thermal Constants (°C/W) 8a 8c 

Die DIMONSIONG «i. ioe: ees seeierees 79.9 x 119.7 x 19 mils prs: ) Se Ce meee tt BP Ue enh) amet 71 13 

Substrate Potential" Oe # BOSE x ee) * The substrate maybe left floating (Insulating Die Mount) or it may 
fied. aueled teen eee e ees be on a conductor at V- potential. 

Pres iloW ds. fscace bb eho aime High Frequency, Bipolar, DI 

PARBINENIOO +. foo Nii aes eel ore sired Nitride 
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SPECIAL ANALOG 
CIRCUITS 


HA-2547 


Test Circuits 
FIGURE 1. AC AND TRANSIENT RESPONSE TEST CIRCUIT 
Vy TRANSIENT RESPONSE Vy TRANSIENT RESPONSE 
Vertical Scale: Top: 5V/Div Bottom: 100mV/Div Vertical Scale: Top: 1V/Div Bottom: 50mV/Div 


Horizontal Scale: 20ns/Div Horizontal Scale: 50ns/Div 


IN OV 


igs inves ve twee 300] TTT] 


Co “f 
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mR 
Case TUM TIM), 8 SCM eexse CTT CTTIINY 
um, 8 “TTL Ma TIN: 8 
1 A i 
CH CT TTT TTT. CTT eT PSS 
COTM CM CET CTY SS CTT TNs 
10K 100K 10M 100M 10K 100K 1M 10M 100M 
leat (Hz) FREQUENCY (Hz) 
FIGURE 2. Vy vs FREQUENCY FIGURE 3. Vy, vs FREQUENCY 
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Typical Performance Curves vz, = +15V, T, = +25°C (Continued) 
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FIGURE 4. Vy FEEDTHROUGH vs FREQUENCY 


GAIN (dB) 
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FIGURE 6. VARIOUS Vy FREQUENCY RESPONSES 


PEAK OUTPUT VOLTAGE SWING (+V) 


TEMPERATURE (°C) 
FIGURE 8. OUTPUT VOLTAGE SWING vs TEMPERATURE 
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Vx+ = 200mVrms, Vy- = 0.5V, Vy = OV, R, = 502 


10K 100K 10M 100M 
pieabiiane (Hz) 


FIGURE 5. V, FEEDTHROUGH vs FREQUENCY 
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FIGURE 7. VARIOUS V, FREQUENCY RESPONSES 


OFFSET VOLTAGE (mV) 


"BB -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


FIGURE 9. OFFSET VOLTAGE vs TEMPERATURE 
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Typical Performance Curves v, = +15V, T, = +25°C (Continued) 


CURRENT (1A) 


TEMPERATURE (°C) 
FIGURE 10. Vy OFFSET/BIAS CURRENT vs TEMPERATURE 


CMRR (dB) 


TEMPERATURE (°C) 
FIGURE 12. SIGNAL/CONTROL CMRR vs TEMPERATURE 


SUPPLY CURRENT (mA) 


TEMPERATURE (°C) 
FIGURE 14. icc vs TEMPERATURE 


7-94 


CURRENT (yA) 


TEMPERATURE (°C) 
FIGURE 11. V, OFFSET/BIAS CURRENT vs TEMPERATURE 


PSRR (dB) 


25 50 
TEMPERATURE (°C) 


FIGURE 13. PSRR vs TEMPERATURE 


SCALE FACTOR 


TEMPERATURE (°C) 
FIGURE 15. SCALE FACTOR vs TEMPERATURE 
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Typical Performance Curves vg = +15V, T, = +25°C (Continued) 


WORST CASE ERROR (%) 


TEMPERATURE (°C) 


FIGURE 16. WORST CASE MULTIPLICATION ERROR vs 
TEMPERATURE 
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FIGURE 17. MULTIPLICATION ERROR vs TEMPERATURE 
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Applications Information Ae 
: STABLE 
Theory of Operation as pr heumlotg © VreF 
The HA-2547 is a current output, two quadrant multiplier with 
ec VyioA 
one differential signal channel, Vy+ and Vy, and one differ- VyioB 
ential control channel, Vy+ and Vy-. Figure 20 shows a 
detailed functional block diagram of the HA-2547. The differ- Vy 
ential voltages of channels Vy and Vy are converted to differ- 
ential currents. These differential currents are then multiplied gc 9 lout 
in a circuit similar to a Gilbert Cell multiplier, producing a dif- y 
ferential current product. The differential product currents s — 
are then converted to a single-ended output current which is acne 
typically 2mA, +20% at full scale (Vx = 2V, Vy = t5V). A 
trimmed internal scaling resistor, Rz, is designed to convert 1.67K 
the output current to an accurate voltage by grounding Rz 
(pin 10). Rz is trimmed such that at full scale output current are 5 


the voltage drop across Rz will be +5.0V. 
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FIGURE 20. 


HA-2547 


The transfer equation for the HA-2547 is: 


(Vy, — Vy.) (yy = Vy.) 


Vout 
= —— = —_____——. where 


OUT — Ry SF ® R, 


SF = Scale Factor 
Rz = 2.5kV (Internal) 
Vx, Vy = Differential Inputs 


The scale factor is used to maintain the output of the multi- 
plier within the normal operating range of +5V. The scale fac- 
tor can be defined by the user by way of an optional external 
resistor, Rex, and the Gain Adjust pins: Gain Adjust A (GA 
A), Gain Adjust B (GA B), and Gain Adjust C (GA C). The 
scale factor is determined as follows: 


SF =2, when GA B is shorted to GA C 


SF = (1.2)(Rext), when Rexz is connected between GA A 
and GAC (Rext is in kQ) 


SF = (1.2)(Rext + 1.667kQ), when Rey7 is connected to 
GA B and GA C (Reyz is in kQ). 


The scale factor can be adjusted from 2 to 5. It should be 
noted that any adjustments to the scale factor will affect the 
AC performance of the contro! channel, Vy. The normal input 
operating range of Vy is equal to the scale factor value. 


A typical multiplier configuration is shown in Figure 21. The 
ideal transfer function for this configuration is shown below, 
illustrating two quadrant operation: 


(Vy, — Vy.) Wy, = Vy.) 


OUT 2 ; 


when (V,,—Vy ) 20 


OuT = 0 when (Vy —vy) <0 


The V - pin is usually connected to ground so that when V+ 
is negative there is no signal at the output, i.e. two quadrant 
operation. If the Vy input is a negative going signal the Vy+ 
pin maybe grounded and the V,- pin used as the input. The 
Vy terminal is usually grounded allowing Vy+ to swing +5V. 


Rz is normally used as a feedback resistor for an external op 
amp to provide an accurate current-to-voltage conversion. 
The scale factor is normally set to 2 by connecting GA B to 
GA C. Therefore, the transfer function becomes: 


(Wi) () 
‘on. ye 


The multiplication error is trimmed to be minimum at full 
scale, Vy = 2V and Vy = +5V. When Vy = +5V, the worst case 
multiplication error occurs when Vy = 0.8V (Refer to typical 
performance curves). 


FIGURE 21. 


Operation At Various Supply Voltages 


The HA-2547 will operate over a range of supply voltages, 
+8V to +15V. Use of supply voltages below +12V will cause 
degradation of electrical parameters. 


Offset Adjustment 


The signal channel offset voltage may be nulled by using a 
20K potentiometer between Vyig Adjust pins A and B and 
connecting the wiper to V-. Reducing the signal channel off- 
set voltage will reduce Vy AC feedthrough and improve the 
multiplication error. 
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HARRIS 


SEMICONDUCTOR 


HA-2556 


PRELIMINARY Wideband Four Quadrant 
March 1993 Voltage Output Analog Multiplier 
Features Description 
e High Speed Voltage Output................ 420V/us The HA-2556 is a monolithic, high speed, four quadrant, 
analog multiplier constructed in the Harris Dielectrically Iso- 
e Low Multiplication BITOl. ciccse eee bene ce Pe 1.5% lated High Frequency Process. The high frequency perfor- 


mance of the HA-2556 rivals the best analog multipliers 


¢ input Blas Currents . ... .. Peds cc cece ccen c's 8A 
currently available including hybrids. 
© SMHz Feedthroughs... evince deca dbbiece -50dB 
9 The HA-2556 has a voltage output X and Y channel band- 
e Wide X and Y Channel Bandwidth ........... 65MHz_ width of 65MHz, and a 420V/us slew rate. High bandwidth 
and slew rate make this part an ideal component for use in 
* Vy 0.20B Gain Flatness ..............00000. 8.5MH2Z video systems. The suitability for precision video applica- 
tions is demonstrated further by the 0.2dB gain flatness to 
inet 8.5MHz, 1.5% multiplication error, -50dB feedthrough and 
Ap P lications differential inputs with 8A bias currents. The HA-2556 also 
e Military Avionics has low differential gain (0.1%) and phase (0.1°) errors. 
¢ Missile Guidance Systems The HA-2556 is well suited for AGC circuits as well as mixer 
applications for sonar, radar, and medical imaging equip- 
e Medical Imaging Displays ment. The voltage output of the HA-2556 simplifies many 
designs by eliminating the current-to-voltage conversion 
* Videq Mixers stage required for current output multipliers. 
* Sonar AGC Processors For MIL-STD-883 compliant product consult the HA-2556/ 
¢ Radar Signal Conditioning 883 datasheet. 
¢ Voltage Controlled Amplifier Orderin g Information 


e Vector Generator 


PART TEMPERATURE 
NUMBER RANGE 
| HA3-2556-9 | -40°C to +85°C | 16 Lead Plastic DIP 
HA9P2556-9 -40°C to +85°C ‘| 16 Lead SOIC 


Ef: 
<5 
® s age s | 2 
Pinout Simplified Schematic a5 
HA-2556 V+ a. 
(PDIP, CDIP, 300mil SOIC) : ode 


TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2 477.2 
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Specifications HA-2556 


Absolute Maximum Ratings (Note 1) 


Voltage Between V+ and V- Terminals ..............00000: 35V 
Differential Input Voltage. ... 2... 2.2 ee ee cece eee eee 6V 
IRON re en ah ue ce ES ano +60mA 
Junction Temperaiiwe. 67 io. bes k cia OTA +175°C 
Junction Temperature (Plastic Packages)............... +150°C 
Lead Temperature (Soldering 10 Sec.)..............06. +300°C 


Operating Conditions 
Operating Temperature Range 

HARP2OBOO os is ve dies valve veces veh eea -40°C < Ty < +85°C 
Storage Temperature Range............... -65°C < Ty s +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = 15v, V- = -15V, R, = 1K, C, = 20pF, Unless Otherwise Specified 


PARAMETER 
MULTIPLIER PERFORMANCE 


Multiplication Error (Note 2) 


Multiplication Error Drift 


f =10Hz 
f =100Hz 
f =1kHz 
SIGNAL INPUT, Vy, Vy, Vz 


Input Offset Voltage 


Average Offset Voltage Drift 


Input Bias Current 


Input Offset Current 


Differential Input Resistance 
5MHz Feedthrough 


Differential Input Range 
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HA-2556 


Electrical Specifications V+ = 15v, V- = -15V, R, = 1K, C, = 20pF, Unless Otherwise Specified (Continued) 


HA-2556-9 
PARAMETER TEMP 


Common Mode Range (Vx) 


Common Mode Range (Vy) 


CMRR (Within Common Mode Range) 


Vy, Vy, Vz TRANSIENT RESPONSE 
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OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 10) 
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Small Signal Bandwidth (-3dB) MHz 
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NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operation under any of these conditions is not necessarily implied. 


. Error is percent of full scale, 1% = 50mV. 

. f = 4.43MHz, Vy = 300MVp.p, 0 to 1Vdc offset, Vy = 5V. 
. f= 10KHZ, Vy = 1Vpys, Vx = SV. 

. Vout = 0 to t4V. 

Vout = 0 to + 100mV. 

. Vg = £12V to t15V. 

. Guaranteed by characterization and not 100% tested. 

. Vy = Vy = 0. 

. Vy = 5.5V, Vy = +5.5 


SPECIAL ANALOG 
CIRCUITS 


COMONOA & WN 
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HA-2556 


Functional Block Diagram 


Tift ecient ong shade ester fay aaa orc nt haar a i hho Lt ha aac Se ts 


HA-2556 


, Vyx+ 


ABPABWWVVWSVaAsVseseBsVVesssagZasaas 


> 


Vy- Vr y 
é 


VIPILIPLLLLLLLLLLLLLLLCLLCLLLLLL LCL OCLC 


The transfer equation for the HA-2556 is: 
(Vt - Vx-) (Vy+ - Vy) = SF (Vz+- Vz), 
where SF = Scale Factor = 5V Vx, Vy, Vz = Differential Inputs. 


Applications Information 
Operation at Reduced Supply Voltages 


The HA-2556 will operate over a range of supply voltages, 
+5V to t15V. Use of supply voltages below +12V will cause 
degradation of electrical parameters. 


Offset Adjustment 


The channel offset voltage may be nulled by using a 20K 
potentiometer between the Vyio or Vio adjust pin A and B 
and connecting the wiper to V-. Reducing the channel offset 
voltage will reduce AC feedthrough and improve the multipli- 
cation error. Output offset voltage can also be nulled by con- 
necting Vz- to the wiper of a potentiometer which is tied 
between V+ and V-. 


Capacitive Drive Capability 


When driving capacitive loads >20pF a 50Q resistor should 
be connected between Voyr and Vz+, using Vz+ as the out- 
put (see Figure 1). This will prevent the multiplier from going 
unstable due to the pole created by the load capacitor and 
reduce gain peaking at high frequencies. FIGURE 1. 
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FARRIS 


SEMICONDUCTOR 


HA-2557 


Wideband Four Quadrant 


tH 


March 1993 Current Output Analog Multiplier 
Features Description 
¢ Low Multiplication Error ...............eeee-- 1.5% The HA-2557 is a monolithic, high speed, four quadrant, 
© Inmet Bins Gueente se Baka 8uA analog multiplier constructed in Harris’ Dielectrically Isolated 
i ee High Frequency Process. The high frequency performance 
¢ Y Input Feedthrough @ 5MHz..............-. -50dB of the HA-2557 rivals the best analog multipliers currently 
e Wide X and Y Channel Bandwidth .......... 100MHz available including hybrids. 
< 5 The single-ended current output of the HA-2557 has a 
Applications 100MHz signal bandwidth (R, = 50Q). High bandwidth and 


e Military Avionics 

e Missile Guidance Systems 

e Medical Imaging Displays 

e Video Mixers 

¢ Sonar AGC Processors 

e Radar Signal Conditioning 

e Voltage Controlled Amplifier 
e Vector Generator 


Ordering Information 


i hl 
NUMBER RANGE 


low distortion make this part an ideal component in video 
systems. The suitability for precision video applications is 
demonstrated further by low multiplication error (1.5%), low 
feedthrough (-50dB), and differential inputs with low bias 
currents (8A). The HA-2557 is also well suited for mixer 
circuits as well as AGC applications for sonar, radar, and 
medical imaging equipment. 


The current output of the HA-2557 allows it to achieve higher 
bandwidths than voltage output multipliers. Full scale output 
current is trimmed to 1.6mA. An internal 2500Q feedback 
resistor is also provided to accurately convert the current, if 
desired, to a full scale output voltage of t4V. The HA-2557 is 
not limited to multiplication applications only; frequency dou- 
bling and power detection are also possible. 


For MIL-STD-883 compliant product consult the HA-2557/ 
883 datasheet. 


Pinout Schematic : - 
HA-2557 V+ $ - 
(PDIP, CDIP, 300mil SOIC) is 3 
; TOP VIEW <c 
oKS) 
lu 
.. 
~” 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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File Number 2478.3 


Specifications HA-2557 


Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage Between V+ and V- Terminals..................6. 35V Operating Temperature Range 

Differential Input Voltage. ........ 0... cece cee ce cee cece 6V PURRCO DIS i re os ooo ka oS pa eda -40°C < Ty < +85°C 
SE SELES TAS ep ge RS Se eas 3mA Storage Temperature Range............... -65°C < Ty < +150°C 
winction Temperature sf ois bo Oe OAR. +175°C 

Junction Temperature (Plastic Packages)............... +150°C 

Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V+ = +15v, V- = -15V, Unless Otherwise Specified 


HA-2557-9 
PARAMETER TEMP 


MULTIPLIER PERFORMANCE 


Multiplication Error (Note 2) 


ae 
s 
” 


Multiplication Error Drift 
Linearity (Vy, Vy = t4V) 


kV-Q 


° 


THD+N (Note 3) 
Output Offset Current +25°C 


nS 
% 
fo 


PL tes 


Input Offset Voltage +25°C 


Average Offset Voltage Drift 


Input Bias Current +25°C 


< 


pVPC 


Input Offset Current +25°C 


jane Rea 


Differential Input Range +25°C 


Common Mode Range +25°C 
CMR Not 8 a Hi GR a = 


aa a aRRE a a a RS 


as 
mas 
Fut Sale Out Conpiancs Volege =< dT 
a 
= 
= 


“J 
iy) 
oO 


n 
= 


+} 
; 
© 


Full Scale Output Current 
Internal Resistor (Rz) eae 
Output Resistance (+10V) i eee 
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Specifications HA-2557 


Electrical Specifications V+ = +15v, V- = -15V, Unless Otherwise Specified (Continued) 


HA-2557-9 


a ee 


POWER SUPPLY 


ritoobras oe a | 8 
agen ate gue relate oe” et RG Maa WER Sk ie 8S 


NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond which the servicability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. 

. Error is percent of full scale, 1% = 16p1A. 

. f= 10KHz, Vy = 1Vpms, Vx = 4V. 

Vy = OV, Vy = OV. 

R, = 50Q. 

. Vou = 0 to +9V. 

. Vg = £12V to t17V. 

. f = 5MHz. Relative to full scale output. 


ONOnhWND 


Test Circuits 


Vy TRANSIENT RESPONSE 
Vertical Scale: Top 5V/Div. Bottom: 100mV/Div. 
Horizontal Scale: 20ns/Div. 


CIRCUITS 


SPECIAL ANALOG 


Applications Information 
Operation at Reduced Supply Voltages Offset Adjustment 


The HA-2557 will operate over a range of supply voltages, The channel offset voltage may be nulled by using a 20K poten- 

+5V to +15V. Use of supply voltages below +12V will cause _ tiometer between the Vyjio or Vyio adjust pin A and B and con- 

degradation of electrical parameters. necting the wiper to V-. Reducing the channel offset voltage will 
reduce AC feedthrough and improve the multiplication error. 
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HARRIS HA7210 


March 1993 Low Power Crystal Oscillator 

Features Description 

e Single Supply Operation@ 32kHz ....... 2.0V to 7.0V The HA7210 is a very low power crystal-controlled oscillator 
that can be externally programmed to operate between 

¢ Operating Frequency Range........ 10kHz to 10MHzZ = 40kHz and 10MHz. For normal operation it requires only the 
addition of a crystal. The part exhibits very high stability over 

e Supply Current at S2KNz oo ee ee ee eS 5uA a wide operating voltage and temperature range. 

¢ Supply Current at 1MHz .................... 130A The HA7210 also features a disable mode that switches the 
output to a high impedance state. This feature is useful for 

¢ Drives 2 CMOS Loads minimizing power dissipation during standby and when multi- 


¢ Only Requires an External Crystal for Operation Di GRCHISIOF CUCUNS APS RENEE, 


Ordering Information 


[wtuoen | “mance | paces 
NUMBER RANGE 
frareror | aocwwese [oe 


Applications 
¢ Battery Powered Circuits 


e Remote Metering 


¢ Embedded Microprocessors 


¢ Palm Top/Notebook PC 


Pinout Typical Application Circuit 
HA7210 
TOP VIEW 
Vpoo Li [8] ENABLE 
CRYSTAL [2 FREQ 2 
CRYSTAL [3 16] FREQ 1 
Vss [4 |5| OUTPUT 


32.768kHz 
CLOCK 


FREQUENCY SELECTION TRUTH TABLE 


32.768kHz MICROPOWER CLOCK OSCILLATOR 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3389.1 
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HA7210 


Simplified Block Diagram 


» Yop 
1 
8 
> EXTERNAL CRYSTAL 
OSC IN 2 3 OSC OUT 
Re 
Vier go IRR Sea ba ae 7 ee 
15pF ‘ ‘ at F 
I Sib Sic Vop 
Vop 1.4V —> 
: a |} Neen 
VRN LEVEL 
Vpp - 2.20 —> SHIFTER 
Pia 
oS wae be 
Vpp - 3.8V —> BUFFER AMP 4 Hl Vss 
IBIAS (+) V 
Vpp eraaaate Vop 
; P 
IN OUT 
N 
Vo Re Pp 
7 Van 
OSCILLATOR 


es ee 
ee 
ee ae 
a 
aren: 


CIRCUITS 


5MHz - 10MHz+ 
High Impedance 


SPECIAL ANALOG 
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Specifications HA7210 


Absolute Maximum Ratings Operating Conditions 

MUO WORN cry eee a hs o Ga ob vx eae ee 10.0V Operating Temperature (Note 3)................ -40°C to +85°C 
Wie TE NON Soo Seals ws kis cede aa Vgg-0.3V to Vpp+0.3V Storage Temperature Range.................. -65°C to +150°C 
Junction Temperature (Plastic Package) ............... +150°C 

Re rN (NE sg oy gills vo ews vs ev a-k eaaue eres >4000V 

Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications —Vpp = 5V, Vsg = GND, T, = +25°C, Unless Otherwise Specified. 


eet ee 


fosc = 32kHz, Vpp = 5V, EN =0 Standby 


fosc = 32KHZ, Vpp = 5V, C, = 10pF (Note 1), EN = 1, Freqi = 1, Freq2 = 1 
fosc = 32kHZ, Vpp = 5V, C, = 40pF, EN = 1, Freqi = 1, Freq2 = 1 
fosc = 32KHZ, Vpp = 3V, C, = 10pF (Note 1), EN = 1, Freq1 = 1, Freq2 = 1 
fosc = 32KHZ, Vpp = 3V, C, = 40pF, EN = 1, Freqi = 1, Freq2 = 1 
fosc = 1MHZ, Vpp = 5V, C, = 10pF (Note 1), EN = 1, Freq1 = 0, Freq2 = 1 


fosc = 1MHZ, Vpp = 5V, C, = 40pF, EN = 1, Freq1 = 0, Freq2 = 1 270 
fosc = 1MHz, Vop = OV, Cy = 10pF (Note 1), EN = 1, Freqi = 0, Freq2 = 1 
fosc = 1MHZ, Vpp = 3V, C, = 40pF, EN = 1, Freqi = 0, Freq2 = 1 


Vou Output High Voltage (lout = -1mA) 


Vo. Output Low Voltage (Ioy7 = 1mA) 


lon Output High Current (Voy7 2 4V) 


lo, Output Low Current (Voyr < 0.4V) 


0.07 


o 
> 


lin Enable, Freq1, Freq2 Input Current (Viy = Vgg to Vpp) 


Viy Input High Voltage Enable, Freq1, Freq2 
Vic Input Low Voltage Enable, Freq1, Freq2 


ty Output Rise Time (10% - 90%, fogc = 32kHz, C, = 40pF) 


[=P lefelefefefefefef=f eel 


o 


ta Output Rise Time (10% - 90%, fogc = 1MHz, C, = 40pF) 
te Output Fall Time (10% - 90%, fog¢ = 32kHz, C, = 40pF) 
te Output Fall Time (10% - 90%, fog¢ = 1MHz, C, = 40pF) 


Duty Cycle (C, = 40pF) fog = 32kHz, Packaged Part Only (Note 4) 


Frequency Stability vs. Supply Voltage (fog¢ = 32kHz, Vpp = 5V, C,=10pF) 


Frequency Stability vs. Temperature (fog¢ = 32kHZ, Vpp = 5V, C,=10pF) 


Frequency Stability vs. Load (fog¢ = 32KHZ, Vpp = 5V, C_=10pF) 


3 


NOTES: 
1. Calculated using the equation Ipp = Ipp (No Load) + (Vpp) (fosc)(Cy) 
2. Human body model. 
3. This product is production tested at +25°C only. 
4. Duty cycle will vary with supply voltage, oscillation frequency, and parasitic capacitance on the crystal pins. 
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HA7210 


Die Characteristics 


DIE DIMENSIONS: 
68 x 64 x 14+ imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 10kA + 1kA 


GLASSIVATION: 
Type: Nitride (SigN, Gust ilox (SiO, 3% Phos) 
Silox Thickness: 7 
Nitride Thickness: ace 1 


DIE ATTACH: 
Material: Silver Epoxy - Plastic DIP and SOIC 


SUBSTRATE POTENTIAL: Vss 


Metallization Mask Layout 


HA7210 
TE 
oat 
2 
8 z 
> rT 
= © 


(7) FREQ 2 


CRYSTAL (2) 


SPECIAL ANALOG 
CIRCUITS 


CRYSTAL (3) § (6) FREQ 1 


Vss (4) 
OUTPUT (5) 
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een HFA5250 


March 1993 Ultra High-Speed Monolithic Pin Driver 
Features Description 
¢ High Digital Data Rate..........c.ceeeenes 500MHz The HFA5250 is the ideal monolithic pin driver solution for high 
performance test systems. The device will switch at high data 
e Very Fast Slew Rate...........cceccceees 2500V/us rates between two input voltage levels providing variable ampii- 
¢ Very Fast Rise/Fall Times ..............0000- 600ps __ tude pulses. The output impedance is trimmed to achieve a pre- 
cision 50Q source for impedance matching. Two differential ECL/ 
e Wide Output Range eeeesresesesesseseece +7V to -2V TTL compatible inputs control the operation of the HFA5250, one 
¢ Precise 50Q Output Impedance controlling the Viig/VLow switching and the other controlling 
the output’s high-impedance state. The HFA5250’s 5SOOMHz data 
* High Impedance, Tri-State Output Control rate makes it compatible with today’s high-speed VLSI test 
: : systems and the +7V to -2V output swing allows testing of all 
Applications common logic families. 
e IC Tester Pin Electronics The HFA5250 is manufactured in the Harris proprietary comple- 
tary bi Ocess is offered in 28lead SOIC 
e Pattern Generators sates sues = sian 


¢ Pulse Generators 
¢ Built-In Test Equipment (BITE) Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


HFA5250CB 0°C to | 0°C to +50°C Without Air Flow _ Without Air Flow | 28 Lead SOIC 
a ee to +70°C With 400 Ifpm Air 
Flow 


¢ Level Comparator/Translator 


Pinout 


HFA5250 
TOP VIEW 


Switches Shown in the “1” State. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2943 3 
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Specifications HFA5250 


Absolute Maximum Ratings Thermal Information 

SUD: VONROG oes nes 5 oo oust eee Ee occas cer ebe see's 17.0V Thermal Resistance Oya, Still Air Oy, 400 lfpm Ojo 
DIR OOUGE INDUL VORRIO eo oss cmigeo vic 90-0 paap Teo fee o ways 5.0V Plastic SOIC Package... . 70°C/W 53°C/W 21°C /W 
Output Current Continuous. ...............006- 160mA (Note 1) Maximum Package Power Dissipation 

Operating Temperature Range............seeees 0°C to+70°C —— Plastic SOIC Package with still air at 50°C ............. 1.43W 
Storage Temperature Range ................. -65°C to +150°C Plastic SOIC Package with 400 Ifpm air at 70°C......... 1.50W 
Maximum Junction Temperature. .............eeee eee +175°C 

Maximum Junction Temperature (Plastic Package) ....... +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Characteristics Vo¢ = +10V, Ve¢ = -5.2V, Unless Otherwise Specified 


INPUT CHARACTERISTICS (Vuigu, Viow) 


Viow input Ofsat Voge Vow =O) P| 200 | oo | | ow 
Vuicu Input Bias Current (Viigy = 5V) +25°C Se 


+25°C 


Viow Input Bias Current (Viow = OV) 
Vuicn Voltage Range +25°C 

(Note 5) +25°C 
Viow Voltage Range +25°C 

(Note 5) +25°C 
+25°C 
+25°C 
+25°C 
+25°C 


Veet2.6 
-2.7 
Veet2.5 


Vat e 


Voc-2.6 
Vuicu tO Viow Differential Voltage Range 

Input Resistance (Vy = -2V to 7V) 

Input Capacitance 

Input Noise voltage (10Hz - 1MHz) 

LOGIC INPUT CHARACTERISTICS (Data, Data, HiZ, HiZ) 
Input Offset Voltage 


UVp.p 


~ ~ 
> ol 


+25°C 
Input Voltage Range +25°C 

(Note 5) +25°C 
Input High Current (Vj, = OV, Vi, = -2V) 7 +25°C 
Input Low Current (Vj, = OV, Vi, = -2V) +25°C 
+25°C 
+25°C 
+25°C 


+250 


Vegt3.2 Voo3.0 


Common Mode Input Resistance (Vey = -2V to 7V) 


Differential Input Resistance (Vpi¢r = OV to 5V) 

Input Capacitance 

TRANSFER CHARACTERISTICS 

VuicH/Viow Voltage Gain (Vuigh, Viow = OV to 5V) 

VuicH Vow Linearity Error (Vuich, Viow = OV to 5V, FS = 5V) 
Viuich Vow Linearity Error (Vian, Viow = -2V to 7V, FS = 9V) 
VuicH/Viow -3dB Bandwidth (200mVp.p) 


Oo 


+25°C 
+25°C 
+25°C 
+25°C 


I+ 
So 
Nh 


+25°C 
+25°C 
+25°C 


Propagation Delay (Note 2) 
Propagation Delay Jitter, 1 Sigma 


Propagation Delay Match (Rising vs Falling Edge, Note 2) 
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Specifications HFA5250 


Electrical Characteristics Voc = +10V, Veg = -5.2V, Unless Otherwise Specified (Continued) 


[Prrasaton Daley veDuy Orde Bm weTR BoOPomD | vse |__| soo | - | me 


Active to HiZ Delay (Measured 50% to 10% Points) +25°C 
HiZ to Active Delay (Measured 50% to 10% Points) +25°C 
Data Rate (1Vp-p, 50% Duty Cycle, 90% Amplitude) +25°C 
TRANSIENT RESPONSE (Z; op = 16 Inches of RG-58 Terminated with 5pF) 
Slew Rate (-1V to +6V) +25°C 
Rise/Fall Time (1 Vp.p, 20%-80%) +25°C 
Rise/Fall Time (3 Vp.p, 10%-90%) +25°C 
Rise/Fall Time (5 Vp.p, 10%-90%) +25°C 
Rise/Fall Time Match (Note 2) +25°C 
Overshoot/Undershoot/Preshoot (3 Vp.p) +25°C 
Data Settling Time 1% (Note 3) +25°C 
VuicH/VLow Settling Time 1% (Note 3) +25°C 
OUTPUT CHARACTERISTICS 
Output Voltage Swing, No Load +25°C 
(Note 5) +25°C 


Output Voltage Swing R, = 50Q +25°C 


V/us 


* 


+}efefafefefe 


Veg+3.2 Voc-3.0 


Output Resistance - Active (-2V to 7V) +25°C 
Output Resistance - HiZ (-2V to 7V) +25°C 


HiZ Output Voltage Compliance +25°C 
(Note 5) +25°C 


POWER SUPPLY CHARACTERISTICS 


Power Dissipation (Vcc = 10V, Veg = -5.2V, No Load) +25°C 
NOTES: 

1. Internal Power Dissipation may limit Output Current below 160mA. 

2. 3V Step, 50% duty cycle, 200ns period. 

3. 3V Step, measured from 50% of input to 1% of final value, final value is at 50ns. 

4. Vuiah = 2-6V, Viow = 2.4V, Veco = OV to 10V, Veg = -4.2V to -5.2V. 

5. Operation above total supply voltage of 15.2V is not recommended. See specification under Power Supply Characteristics. 


Voc-1 2.0 Veet 2.2 


pF 


B 
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HFA5250 


Die Characteristics 


DIE DIMENSIONS: 
1990um x 1530um x 525m + 25.4um 


GLASSIVATION: 
Nitride, 4kA + 0.5 


METALLIZATION: 
Type: Metal 1: AlCu(2%)/TIW 
Thickness: Metal 1: 8kA + 0.4k 


Type: Metal 2: AiCu(2%) 
Thickness: Metal 2: 16kA +0.8kA 


DIE ATTACH: 
Material: Epoxy 


Metallization Mask Layout 
HFA5250 


VHIGH Voc 
(1) (2) (28) (27) 


DATA (4) 


DATA (6) 


iol 
Hh nl iil 


°c 


Il 4 
és = oa | lr w= 


-- | ame 


Hiz (11) 


(13) (14) (15) (16) 


Vow Veet 
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HFA-S2S0 


(24) 
I Veca 


(22) 
(21) } Vout 


(20) } 
Vv 
(19) EE2 


SPECIAL ANALOG 
CIRCUITS 


2 enn ICL8013 


March 1993 Four Quadrant Analog Multiplier 
Features Description 
e Accuracy of +0.5% (“A” Version) The ICL8013 is a four quadrant analog multiplier whose out- 


put is proportional to the algebraic product of two input sig- 
* Full £10V Input Voltage Range nals. Feedback around an internal op amp provides level 
¢ 1MHz Bandwidth shifting and can be used to generate division and square 
root functions. A simple arrangement of potentiometers may 
* Uses Standard +15V Supplies be used to trim gain accuracy, offset voltage and 
¢ Built-In Op Amp Provides Level Shifting, Division and feedthrough performance. The high accuracy, wide band- 
Square Root Functions width, and increased versatility of the ICL8013 make it ideal 
for all multiplier applications in control and instrumentation 
systems. Applications include RMS measuring equipment, 
frequency doublers, balanced modulators and demodula- 
tors, function generators, and voltage controlled amplifiers. 


Ordering Information 


a 


Pinout Functional Diagram 


ICL8013 MULTIPLEXER 
(TO-100 CAN) 
TOP VIEW 
Zin 


VOLTAGE TO CURRENT BALANCED 
CONVERTER AND Pa VARIABLE GAIN 


OUT 


Xos SIGNAL COMPRESSION AMPLIFIER 
ee en 
VOLTAGE TO CURRENT 
CONVERTER 
Zin 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2863.1 
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Specifications ICL8013 


Absolute Maximum Ratings Operating Conditions 

iC NS ee ac 90 5s \ 5 nde ve ed +18V Operating Temperature Range 

PoWor! DISSIRATION (Note. 1)... civ cocaeenpoenssces 500mW RLM s Se We ore 55 Soe inne od wee Ua BS 0°C to +70°C 
Input Voltages (Xin; Yin» Zins Xos: Yos: Zos) SS ee ek Vsuppty Sey bes 9 GRRRSSES 5 2 5 6 GaSe Beemer aa Perea aeerentine -55°C to +125°C 
Lead Temperature (Soldering 10 Sec.)..............2.. +300°C Storage Temperature Range.................. -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications T,= +25°C, Vsyppry = +15V, Gain and Offset Potentiometers Externally Trimmed, Unless Otherwise 
Specified 


to | 
PARAMETER conpirions [win | TvP | wAX| win | TvP | MAX] min | TYP [ MAX 
ca a a We Re 
10 10 10 
Stead Milt Sasi 
-10<Y<10 


1 
& 
E: 


x|s 

S 
la] 

= 

N 


Full Sca 
Full Scal 


° 
o~ 
Oo 


Feedthrough 
Non-Linearity 
X Input 


X = 20Vp.p 
Y= +10Vdce 
Y =20Vpp 
X= +10Vde 


Y Input 


Frequency Response Small 
Signal Bandwidth (-3dB) 


3 
e] e 1/212 
oe 


MHz 


= 


SISIE18 [5/5 S|s| el % 
$|= 315 E 


Input Resistance 


X Input 


Y Input 


input Bias Current 
X or Y Input Vin = OV 
Z Input 


Power Supply Variation 


Multiplication Error 
Output Offset 
Scale Factor 


Quiescent Current 


Yel Yo 


me) 
i=) 
oO 
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Specifications ICL8013 


Electrical Specifications T= +25°C, Vsyppyy = +15V, Gain and Offset Potentiometers Externally Trimmed, Unless Otherwise 
Specified (Continued) 


TEST 
a tbl a CONDITIONS | MIN | TvP | MAX] MIN | TyP | MAX] MIN | TYP | MAX. 


THE FOLLOWING SPECIFICATIONS APPLY OVER THE OPERATING TEMPERATURE RANGES 


Multiplication Error -10V < Xp < 10V, % Full Scale 
-10V < Yin < 10V 


Average Temp. Coefficients 


Accuracy 
Output Offset 
Scale Factor 


Input Bias Current 
X or Y Input 


NOTE: 1. Derate at 6.8mW/°C for operation at ambient temperature above +75°C. 


Typical Performance Curves 


100 
Gy Sr MO AS COSTE EAS See eG Ge SoS Oe GE Pr” 2 
<x ee 8) FS Be ee hh Pee GRR: BRAUER ESS, The ee 2” eR 
Sho tT eee iii Lie | 
= = soy) “ELL Lae ed ee 
3S ul md a OS OS RS SR Oe On SS Oo Oe 
i 
3 —_ ie Meee! <2 SE le 
E i Mea BY Mic) Bs a HY A 
2 o. 
za 
S 
aa FA 
1K 10K 100K 1M 10M 100 1K 10K 100K 
FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 1. AMPLITUDE AND PHASE AS A FUNCTION OF FIGURE 2. NONLINEARITY AS A FUNCTION OF FREQUENCY 
FREQUENCY 
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FIGURE 3. FEEDTHROUGH AS A FUNCTION OF FREQUENCY 
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Detailed Description 


The fundamental element of the ICL8013 multiplier is the 
bipolar differential amplifier of Figure 4. 


> V+ 


FIGURE 4. DIFFERENTIAL AMPLIFIER 


The small signal differential voltage gain of this circuit is given by 


spe OURoa sk 

M etch Ving fe 

1 kT 

Substituting re = — = — 


‘é Qle Ry 
Vv =V —) =V..,¢e 
OUT IN ( le ) IN kT 


The output voltage is thus proportional to the product of the 
input voltage Vi and the emitter current I. In the simple 
transconductance multiplier of Figure 5, a current source 
comprising Q3, D;, and Ry is used. If Vy is large compared 
with the drop across D,, then 


L 
V = — 
OUT kTRy 


FIGURE 5. TRANSCONDUCTANCE MULTIPLIER 


There are several difficulties with this simple modulator: 


1. Vy must be positive and greater than Vp. 


2. Some portion of the signal at Vy will appear at the output 
unless I = 0. 


3. Vy must be a small signal for the differential pair to be linear. 
4. The output voltage is not centered around ground. 


The first problem relates to the method of converting the Vy 
voltage to a current to vary the gain of the Vy differential pair. A 
better method, Figure 6, uses another differential pair but with 
considerable emitter degeneration. In this circuit the differential 
input voltage appears across the common emitter resistor, pro- 
ducing a current which adds or subtracts from the quiescent 
current in either collector. This type of voltage to current con- 
verter handles signals from OV to +10V with excellent linearity. 


FIGURE 6. VOLTAGE TO CURRENT CONVERTER 


The second problem is called feedthrough; i.e. the product of 
zero and some finite Input signal does not produce zero out- 
put voltage. The circuit whose operation is illustrated by Fig- 
ures 7A, B, and C overcomes this problem and forms the 
heart of many multiplier circuits in use today. 


This circuit is basically two matched differential pairs with 
cross coupled collectors. Consider the case shown in Figure 
7A of exactly equal current sources basing the two pairs. 
With a small positive signal at Vij, the collector current of Q, 
and Q, will increase but the collector currents of Q, and Qs 
will decrease by the same amount. Since the collectors are 
cross coupled the current through the load resistors remains 
unchanged and independent of the Vix input voltage. 


In Figure 7B, notice that with Vij = 0 any variation in the ratio of 
biasing current sources will produce a common mode voltage 
across the load resistors. The differential output voltage will 
remain zero. In Figure 7C we apply a differential input voltage 
with unbalanced current sources. If IE, is twice leo the gain of 
differential pair Q,; and Qz is twice the gain of pair Q3 and Q,. 
Therefore, the change in cross coupled collector currents will 
be unequal and a differential output voltage will result. By 
replacing the separate biasing current sources with the voltage 
to current converter of Figure 6 we have a balanced multiplier 
circuit capable of four quadrant operation (Figure 8). 


FIGURE 7A. INPUT SIGNAL WITH BALANCED CURRENT 
SOURCES AVoyr = 0V 
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FIGURE 7B. NO INPUT SIGNAL WITH UNBALANCED CURRENT 
SOURCES AVoyz = OV 


FIGURE 7C. INPUT SIGNAL WITH UNBALANCED CURRENT 
SOURCES, DIFFERENTIAL OUTPUT VOLTAGE 


FIGURE 8. TYPICAL FOUR QUADRANT MULTIPLIER- 
MODULATOR 


This circuit of Figure 8 still has the problem that the input 
voltage Vj, must be small to keep the differential amplifier in 
the linear region. To be able to handle large signals, we need 
an amplitude compression circuit. 


Figure 5 showed a current source formed by relying on the 
matching characteristics of a diode and the emitter base 
junction of a transistor. Extension of this idea to a differential 
circuit is shown in Figure 9A. In a differential pair, the input 
voltage splits the basing current in a logarithmic ratio. (The 
usual assumption of linearity is useful only for small signals.) 
Since the input to the differential pair in Figure 9A is the dif- 
ference in voltage across the two diodes, which in turn is 
proportional to the log of the ratio of drive currents, it follows 
that the ratio of diode currents and the ratio of collector cur- 
rents are linearly related and independent of amplitude. If we 
combine this circuit with the voltage to current converter of 
Figure 6, we have Figure 9B. The output of the differential 
amplifier is now proportional to the input voltage over a large 
dynamic range, thereby improving linearity while minimizing 
drift and noise factors. 


The complete schematic is shown in Figure 10. The differen- 
tial pair Qg and Q, form a voltage to current converter whose 
output is compressed in collector diodes Q, and Q2 These 
diodes drive the balanced cross-coupled differential amplifier 
Q7/Qg Q;4/Q;5. The gain of these amplifiers is modulated by 
the voltage to current converter Qg and Qyo. Transistors Qs, 
Qe, Q;;, and Q;. are constant current sources which bias 
the voltage to current converter. The output amplifier com- 
prises transistors Qy, through Qo7. 


Multiplication 


In the standard multiplier connection, the Z terminal is con- 
nected to the op amp output. All of the modulator output cur- 
rent thus flows through the feedback resistor R27 and 
produces a proportional output voltage. 


Multiplier Trimming Procedure 
1. Set Xiy = Yin = OV and adjust Zog for zero Output. 


2. Apply a +10V low frequency (<100Hz) sweep (sine or trian- 
gle) to Yj with Xx = OV, and adjust Xgg for minimum output. 


3. Apply the sweep signal of Step 2 to Xj), with Yj), = OV and 
adjust Yos for minimum Output. 


4. Readjust Zos as in Step 1, if necessary. 


5. With X;, = 10.0V DC and the sweep signal of Step 2 ap- 
plied to Yj, adjust the Gain potentiometer for Output = 
Yin- This is easily accomplished with a differential scope 
plug-in (A+B) by inverting one signal and adjusting Gain 
control for (Output - Yjj)) = Zero. 
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FIGURE 9A. CURRENT GAIN CELL FIGURE 9B. VOLTAGE GAIN WITH SIGNAL COMPRESSION 
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7.5K Xos Yos Zos 


FIGURE 11A. MULTIPLIER BLOCK DIAGRAM FIGURE 11B. ACTUAL CIRCUIT CONNECTION 
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Division 

If the Z terminal is used as an input, and the output of the op 
amp connected to the Y input, the device functions as a 
divider. Since the input to the op amp is at virtual ground, 
and requires negligible bias current, the overall feedback 
forces the modulator output current to equal the current pro- 
duced by Z. 


Z 
IN 
Therefore lo oS Xin ® Yin = —_ = 10Ziny 
102), 
Since Y =eE E = —— 
IN OUT’ OUT Xing 


Note that when connected as a divider, the X input must be a 
negative voltage to maintain overall negative feedback. 


Divider Trimming Procedure 


1. Set trimming potentiometers at mid-scale by adjusting 
voltage on pins 7, 9 and 10 (Xos, Yos; Zos) for zero volts. 

2. With Zix = OV, trim Zos to hold the Output constant, as Xin 
is varied from -10V through -1V. 

3. With Z)y = OV and Xjy = -10.0V adjust Yos for zero Output 
voltage. 

4. With Zin = Xx (and/or Zi = -X;y) adjust Xog for minimum 
worst case variation of Output, as Xj,q is varied from -10V 
to -1V. 

5. Repeat Steps 2 and 3 if Step 4 required a large initial ad- 
justment. 

6. With Ziq = Xin (and/or Zixy = -Xjxy) adjust the gain control 
until the output is the closest average around +10.0V 
(-10V for Zin = -Xin) aS Xin iS varied from -10V to -3V. 


FIGURE 12A. DIVISION BLOCK DIAGRAM 


Xos Yos Zos 


FIGURE 12B. ACTUAL CIRCUIT CONNECTION 


Squaring 


The squaring function is achieved by simply multiplying with the 
two inputs tied together. The squaring circuit may also be used as 
the basis for a frequency doubler since cos*ax = '/, (cos 2at + 1). 


Xos Yos Zos 
FIGURE 13B. ACTUAL CIRCUIT CONNECTION 


Square Root 


Tying the X and Y inputs together and using overall feedback 
from the op amp results in the square root function. The out- 
put of the modulator is again forced to equal the current pro- 
duced by the Z input. 


ot = 


Eout =n —J10Zin 


The output is a negative voltage which maintains overall 
negative feedback. A diode in series with the op amp output 
prevents the latchup that would otherwise occur for negative 
input voltages. 


IN 


Square Root Trimming Procedure 


1. Connect the ICL8013 in the Divider configuration. 


2. Adjust Zos, Yos, Xos, and Gain using Steps 1 through 6 
of Divider Trimming Procedure. 


3. Convert to the Square Root configuration by connecting 
Xix to the output and inserting a diode between Pin 4 and 
the output node. 


4. With Zj,y = OV adjust Zos for zero output voltage. 


FIGURE 14A. SQUARE ROOT BLOCK DIAGRAM 
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IN4148 | OUTPUT = -¥10Zy, 


FIGURE 14B. ACTUAL CIRCUIT CONNECTION 


Variable Gain Amplifier 


Most applications for the ICL8013 are straight forward 
variations of the simple arithmetic functions described 
above. Although the circuit description frequently disguises 
the fact, it has already been shown that the frequency 
doubler is nothing more than a squaring circuit. Similarly the 
variable gain amplifier is nothing more than a multiplier, with 
the input signal applied at the X input and the control voltage 
applied at the Y input. 


Nf\y input « 


GAIN 
CONTROL 
VOLTAGE 5K 


FIGURE 15. VARIABLE GAIN AMPLIFIER 


Definition of Terms 


Muttiplication/Division Error: This is the basic accuracy speci- 
fication. It includes terms due to linearity, gain, and offset errors, 
and is expressed as a percentage of the full scale output. 


Feedthrough: With either input at zero, the output of an 
ideal multiplier should be zero regardless of the signal 
applied to the other input. The output seen in a non-ideal 
multiplier is known as the feedthrough. 


Nonlinearity: The maximum deviation from the best 
Straight line constructed through the output data, expressed 
as a percentage of full scale. One input is held constant and 
the other swept through it nominal range. The nonlinearity is 
the component of the total multiplication/division error which 
cannot be trimmed out. 


Typical Applications 


Xin Yin 
10 


7.5K Xos Yos Zos 


FIGURE 16. MULTIPLICATION 


V+ 


V- 


FIGURE 18. POTENTIOMETERS FOR TRIMMING OFFSET AND 
FEEDTHROUGH 


FIGURE 19. SQUARE ROOT 
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Precision Waveform Generator/ 
March 1993 Voltage Controlled Oscillator 


Features Description 


e Low Frequency Drift with Temperature - 250ppm/°C The ICL8038 waveform generator is a monolithic integrated 
circuit capable of producing high accuracy sine, square, tri- 
. aa Sine, Square, and Triangle Wave angular, sawtooth and pulse waveforms with a minimum of 
ni a external components. The frequency (or repetition rate) can 
Low Distortion - 1% (Sine Wave Output) be selected externally from 0.001Hz to more than 300kHz 
using either resistors or capacitors, and frequency modula- 

* High Linearity - 0.1% (Triangle Wave Output) tion and sweeping can be accomplished with an external 
e Wide Operating Frequency Range - 0.001Hz to 300kHz voltage. The ICL8038 is fabricated with advanced monolithic 
technology, using Schottky barrier diodes and thin film resis- 

Variable Duty Cycle - 2% to 98% tors, and the output is stable over a wide range of tempera- 
High Level Outputs - TTL to 28V ture and supply variations. These devices may be interfaced 


with phase locked loop circuitry to reduce temperature drift 
e Easy to Use - Just a Handful of External Components to less than 250ppm/°C. 


Required 


Ordering Information 


[panTNuween [STABLY | TEMPERATURERANGE [PACKAGE 
Treue0aeaGio 
Trevaseem" 
Treteseamo™ 


ICL8038ACJD 120ppm°C Typ. 0°C to +70°C 14 Lead Ceramic DIP 
350ppm°C Max. -55°C to +125°C 14 Lead Ceramic DIP 
250ppm°C Max. -55°C to +125°C 14 Lead Ceramic DIP 


* Add /883B to part number if 883 processing is required. 


Pinout Functional Diagram 
ICL8038 
(PDIP, CDIP, SOIC) 0 V+ 
TOP VIEW CURRENT (7 . 
SOURCE P 
#1 
SINE WAVE 1 
ADJUST 14] Ne ! 
wave ouT L2, 13] NC {2 m 
TRIANGLE 5 2] SINE WAVE 
DUTY CYCLE 111] V- OR GND 
FREQUENCY 
ADJUST TIMING 
CAPACITOR CURRENT (7 
SOURCE }% 
SQUARE ) 
V+ | 6 | WAVE OUT #2 ites 
FM BIAS eee Cee ; 
> JUL oW VW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2 864.1 
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Specifications ICL8038 


Absolute Maximum Ratings Operating Conditions 

Supply Voltage (V- tO V+)... ... cece cece cence cece ecece 36V Operating Temperature Range 

Power Dissipation (Note 1)........... cc ccc cee cccces 750mW ICL8038AM, ICL8038BM.............-c000. -55°C to +125°C 
input Voltage (Any Pin)... .......... cece neces eeee V- to V+ ICL8038AC, ICL8038BC, ICL8038CC........... 0°C to +70°C 
Input Current (Pins 4 and 5)............c cece ese ceceees 25mA Storage Temperature Range.................. -65°C to +150°C 
Output Sink Current (Pins 3 and 9) ............. cece eens 25mA 

Lead Temperature (Soldering 10 Sec.)..............0. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vsuppry = £10V or +20V, Ty = +25°C, R, = 10kQ, Test Circuit Unless Otherwise Specified 


PARAMETERS SYMBOL | TESTCONDITIONS | MIN | TYP [MAX] MIN | TYP [MAX] MIN | TYP | MAX| 


Supply Voltage Operating Range 
Single Supply +10 +10 +10 Vv 
ae. oe Bee 


Dual Suppioe it ee | CSCSC~*d 


Supply Current Isuppry | Vsuppry = t10V (Note 2) 
8038AM 8038BM 


8038AC, 8038BC, 8038CC 
FREQUENCY CHARACTERISTICS (ALL WAVEFORMS) 


~ 


> 
a 
in 


Typical Duty Cycle Adjust 


Max. Frequency of Oscilation | fwax | ptt tft ee 
[Sweep Frequency of FM input | feweep | tT 10 | ie 
[Sweep FMRange (Notes) ft 81) Kook aalates Mcaioeis 
1 nn en IER TT aes eee Ls Ga Was e, Se ihe aa 
Frequency Drift with AMAT 
Temperature (Note 5) 
a a ee ae ae es ge 
eerie df ft |__| 250 | ppmec | 
sv ai ll pac ed MD hs 98 hd Sd 
Voltage Range 
OUTPUT CHARACTERISTICS 
Square Wave 
asia ya ice Ore: 
Saturation Votage an ca roa [oat v 
ion 
per: 


e 
: 


5 


able [3] lg | [ele 
pile Tee 
BEREDEER IG 


VsinE 
gs = 1MQ (Note 4) 


© ° os 
‘jelels [alee | lela 


THD Adjusted 
NOTES: 

. Derate ceramic package at 12.5mW/C for ambient temperatures above 100°C. 

R, and Rg currents not included. 

- Vguppry = 20V; Ra and Rg = 10kQ, f = 10kHz nominal; can be extended 1000 to 1. See Figures 15A and 15B. 
82kQ connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use Ry and Re.) 

. Figure 1, pins 7 and 8 connected, Vsyppry = t10V. See Typical Curves for T.C. vs Veuppty- 

. Not tested, typical value for design purposes only. 


Onh won = 
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Test Conditions 


[Ss PARAMETER Oe aon, | A] | omy | eke 
[Supply Curent ———SS~S~S tn ton | ton | aan | Closed | Curent PIN 


[Sweep FM Range (Nowe) —~=~=~S~*d«C | to | tOKM | 3.GnF | Open | Frequencyat Pind | 
[Frequency Dritwith Temperature __—+«| tox | toKa | 10K@ | a3nF | Closed | FrequencyatPing 
[Frequency Drift with Supply Voltage (Note 2) | toxa | toxa | 1oxa | a3nF | Closed | FrequencyatPind | 
Output Amplitude (Note 4) 

Tron | 10Ka | 1oKa | S3nF | Closed | Pk-PkOutputatPing 
[Leakage Current (Of) (Notes) —=~=S«d=towa «| tox | | SanF | Closed 
Saturation Voltage (On) (Note 3) Prone | toKa |_| SanF | Closed | Output(Low)atPing | 
[Rise and Fall Times (Notes) ——=~*~*~«‘idtCt S| «to | AK | GNF | Closed 
Duty Cycle Adjust (Note 5) 
“2 [saa |-r00| 00 | sa | coo 
Min P=a5Ka | 0K | toKa | 3anF | Closed 
[Triangle Waveform Linearity ——~—~=~=«d?«stowm | tow | tone | nF | Closed | WavelormatPind 
[TotalHarmonic Distortion _——=~=S~S—*d:«sw *| ‘tOKR | 10K | SanF_ 


NOTES: 
1. The hi and lo frequencies can be obtained by connecting pin 8 to pin 7 (f,,,) and then connecting pin 8 to pin 6 (f,¢). Otherwise apply 
Sweep Voltage at pin 8 (?/3 Vsyppyy +2V) S Vsweep S$ Vsuppry Where Vsyppty is the total supply voltage. In Figure 15B, pin 8 should vary 
between 5.3V and 10V with respect to ground. 

. 10V < V+ < 30V, or t5V < VsuppLy < t15V. 

. Oscillation can be halted by forcing pin 10 to +5V or -5V. 

. Output Amplitude is tested under static conditions by forcing pin 10 to 5.0V then to -5.0V. 

. Not tested; for design purposes only. 


on & WwW NM 


Detailed Schematic 


CURRENT SOURCES & av 


ge | BP ar Be 


SINE CONVERTER 


FLIP-FLOP 
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Detailed Description (See Functional Diagram) 


An external capacitor C is charged and discharged by two 
current sources. Current source #2 is switched on and off by 
a flip-flop, while current source #1 is on continuously. 
Assuming that the flip-flop is in a state such that current 
source #2 is off, and the capacitor is charged with a current I, 
the voltage across the capacitor rises linearly with time. 
When this voltage reaches the level of comparator #1 (set at 
2/3 of the supply voltage), the flip-flop is triggered, changes 
states, and releases current source #2. This current source 
normally carries a current 2I, thus the capacitor is dis- 
charged with a net-current | and the voltage across it drops 
linearly with time. When it has reached the level of compara- 
tor #2 (set at 1/3 of the supply voltage), the flip-flop is trig- 
gered into its original state and the cycle starts again. 


Four waveforms are readily obtainable from this basic gener- 
ator circuit. With the current sources set at | and 2I respec- 
tively, the charge and discharge times are equal. Thus a 
triangle waveform is created across the capacitor and the 
flip-flop produces a square wave. Both waveforms are fed to 
buffer stages and are available at pins 3 and 9. 


The levels of the current sources can, however, be selected 
over a wide range with two external resistors. Therefore, with 
the two currents set at values different from | and 2l, an 
asymmetrical sawtooth appears at terminal 3 and pulses 
with a duty cycle from less than 1% to greater than 99% are 
available at terminal 9. 


Typical Performance Curves 


SUPPLY CURRENT (mA) 


5 10 15 20 25 30 
SUPPLY VOLTAGE (V) 


FIGURE 2. SUPPLY CURRENT vs SUPPLY VOLTAGE 


The sine wave is created by feeding the triangle wave into a 
nonlinear network (sine converter). This network provides a 
decreasing shunt impedance as the potential of the triangle 
moves toward the two extremes. 


Test Circuit 


oD +10V 


ICL8038 


FIGURE 1. 


NORMALIZED FREQUENCY 


5 10 15 20 25 30 
SUPPLY VOLTAGE (V) 


FIGURE 3. FREQUENCY vs SUPPLY VOLTAGE 
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Typical Performance Curves (Continued) 


NORMALIZED FREQUENCY 


TEMPERATURE (°C) LOAD RESISTANCE (kQ) 
FIGURE 4. FREQUENCY vs TEMPERATURE FIGURE 5. SQUARE WAVE OUTPUT RISE/FALL TIME vs LOAD 
RESISTANCE 


1.0 —— an sees sects 
Ww 
< LOAD CURRENT 23 e908 
. 9 
: a 
9 2 
= “ 
° ~ 
: : 
5 Oo 0.8 
: : 
” 
s 
5 
=z 
0 2 4 6 8 10 12 #14 16 «18 20 
LOAD CURRENT (mA) LOAD CURRENT (mA) 
FIGURE 6. SQUARE WAVE SATURATION VOLTAGE VsLOAD ‘FIGURE 7. TRIANGLE WAVE OUTPUT VOLTAGE vs LOAD 
CURRENT CURRENT 


NORMALIZED OUTPUT VOLTAGE 


.01 
10 100 1K 10K 100K 1M 10 100 1K 10K 100K 1M 
FREQUENCY (Hz) FREQUENCY (Hz) 


FIGURE 8. TRIANGLE WAVE OUTPUT VOLTAGE vs FREQUENCY FIGURE 9. TRIANGLE WAVE LINEARITY vs FREQUENCY 
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Typical Performance Curves (Continued) 


ee 
Sham aah ee 
eh i ie ee 
bet Lee 
Cunehe sae! 


10 10K 100K 
FREQUENCY (Hz) 


FIGURE 10. SINE WAVE OUTPUT VOLTAGE vs FREQUENCY 


NORMALIZED OUTPUT VOLTAGE 


DISTORTION (%) 


ae 5 
etd | tebel tel 
SB EReaG) 2 


UNADJUSTED 


Het ee HT 


0 
10 100 1K 10K 100K 1M 
FREQUENCY (Hz) 


FIGURE 11. SINE WAVE DISTORTION vs FREQUENCY 


Waveform Timing 


The symmetry of all waveforms can be adjusted with the 
external timing resistors. Two possible ways to accomplish 
this are shown in Figure 13. Best results are obtained by 
keeping the timing resistors Ra and Rg separate (A). Ra 
controls the rising portion of the triangle and sine wave and 
the 1 state of the square wave. 


The magnitude of the triangle waveform is set at ‘'/, 
VSuppty:; therefore the rising portion of the triangle is, 


0.22 X VouppLy 


The falling portion of the triangle and sine wave and the 0 
state of the square wave is: 
SOs: Cx 1/3 VsuPPLy Rape 
V Vv 0.66 (2R, — Rp) 
othieae Aeo ee A 8 
R Ra 
Thus a 50% duty cycle is achieved when Ry, = Rg. 


If the duty cycle is to be varied over a small range about 50% 
only, the connection shown in Figure 13B is slightly more 
convenient. 


With two separate timing resistors, the frequency is given by 


or, if Ra = Rp = R 
0.33 : 


Neither time nor frequency are dependent on supply voltage, 
even though none of the voltages are regulated inside the 
integrated circuit. This is due to the fact that both currents 
and thresholds are direct, linear functions of the supply volt- 
age and thus their effects cancel. 
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SQUARE WAVE DUTY CYCLE - 80% 


FIGURE 12. PHASE RELATIONSHIP OF WAVEFORMS 


ICL8038 


o V- OR GND 


9 V- OR GND 


FIGURE 13. POSSIBLE CONNECTIONS FOR THE EXTERNAL 
TIMING RESISTORS 


To minimize sine wave distortion the 82kQ resistor between 
pins 11 and 12 is best made variable. With this arrangement 
distortion of less than 1% is achievable. To reduce this even 
further, two potentiometers can be connected as shown in 
Figure 14; this configuration allows a typical reduction of 
sine wave distortion close to 0.5% 


V+ 


V- OR GND 


FIGURE 14. CONNECTION TO ACHIEVE MINIMUM SINE WAVE 
DISTORTION 


Selecting Ra, Rg and C 


For any given output frequency, there is a wide range of RC 
combinations that will work, however certain constraints are 
placed upon the magnitude of the charging current for 
optimum performance. At the low end, currents of less than 
1A are undesirable because circuit leakages will contribute 
significant errors at high temperatures. At higher currents 
(1>5mA), transistor betas and saturation voltages will 
contribute increasingly larger errors. Optimum performance 
will, therefore, be obtained with charging currents of 101A to 
1mA. If pins 7 and 8 are shorted together, the magnitude of 
the charging current due to Ra can be calculated from: 


(R;+R5) Ry Rat 
R, and R, are shown in the Detailed Schematic. 


A similar calculation holds for Rg. 


The capacitor value should be chosen at the upper end of its 
possible range. 


Waveform Out Level Control and 
Power Supplies 


The waveform generator can be operated either from a sin- 
gle power supply (10V to 30V) or a dual power supply (+5V 
to t15V). With a single power supply the average levels of 
the triangle and sine wave are at exactly one-half of the sup- 
ply voltage, while the square wave alternates between V+ 
and ground. A split power supply has the advantage that all 
waveforms move symmetrically about ground. 


The square wave output is not committed. A load resistor 
can be connected to a different power supply, as long as the 
applied voltage remains within the breakdown capability of 
the waveform generator (30V). In this way, the square wave 
output can be made TTL compatible (load resistor con- 
nected to +5V) while the waveform generator itself is pow- 
ered from a much higher voltage. 


Frequency Modulation and Sweeping 


The frequency of the waveform generator is a direct function 
of the DC voltage at terminal 8 (measured from V+). By 
altering this voltage, frequency modulation is performed. For 
small deviations (e.g. +10%) the modulating signal can be 
applied directly to pin 8, merely providing DC decoupling 
with a capacitor as shown in Figure 15A. An external resistor 
between pins 7 and 8 is not necessary, but it can be used to 
increase input impedance from about 8kQ (pins 7 and 8 
connected together), to about (R + 8kQ). 


For larger FM deviations or for frequency sweeping, the 
modulating signal is applied between the positive supply 
voltage and pin 8 (Figure 15B). In this way the entire bias for 
the current sources is created by the modulating signal, and 
a very large (e.g. 1000:1) sweep range is created (f = 0 at 
Vsweep = 0). Care must be taken, however, to regulate the 
supply voltage; in this configuration the charge current is no 
longer a function of the supply voltage (yet the trigger thresh- 
olds still are) and thus the frequency becomes dependent on 
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the supply voltage. The potential on Pin 8 may be swept With a dual supply voltage the external capacitor on Pin 10 


down from V+ by ('/5 Vsuppty - 2V). can be shorted to ground to halt the ICL8038 oscillation. 
Figure 17 shows a FET switch, diode ANDed with an input 
> V4 strobe signal to allow the output to always start on the same 
slope. 
> FLL. ee 


ICL8038 


o V- OR GND 


> STROBE 


100K 


o V+ 
OFF 
= 2 +15V (+10V) 
VOLTAGE a “15V (-10V) 
ON 
> SLL FIGURE 17. STROBE TONE BURST GENERATOR 
KR To obtain a 1000:1 Sweep Range on the ICL8038 the volt- 


age across external resistors Ra and Re must decrease to 
nearly zero. This requires that the highest voltage on control 
: OVA, Pin 8 exceed the voltage at the top of Ra and Rg by a few 

hundred mV. The Circuit of Figure 18 achieves this by using 
a diode to lower the effective supply voltage on the ICL8038. 
The large resistor on pin 5 helps reduce duty cycle variations 
2 V- OR GND with sweep. 


FIGURE 15. CONNECTIONS FRO FREQUENCY MODULATION ha 


(A) AND SWEEP (B) 


DUTY CYCLE 


Applications six 


The sine wave output has a relatively high output impedance 
(1kQ Typ). The circuit of Figure 16 provides buffering, gain 
and amplitude adjustment. A simple op amp follower could 
also be used. 


FREQ. 


11 12 
> -10V 


FIGURE 18. VARIABLE AUDIO OSCILLATOR, 20Hz TO 20kHz 


ICL8038 


The linearity of input sweep voltage versus output frequency 
can be significantly improved by using an op amp a shown in 
Figure 19. 


FIGURE 16. SINE WAVE OUTPUT BUFFER AMPLIFIERS 
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OUTPUT 


FIGURE 19. LINEAR VOLTAGE CONTROLLED OSCILLATOR 


Use in Phase Locked Loops 


Its high frequency stability makes the ICL8038 an ideal 
building block for a phase locked loop as shown in Figure 20. 
In this application the remaining functional blocks, the phase 
detector and the amplifier, can be formed by a number of 
available IC’s (e.g. MC4344, NE562, HA2800, HA2820). 


In order to match these building blocks to each other, two 
steps must be taken. First, two different supply voltages are 
used and the square wave output is returned to the supply of 
the phase detector. This assures that the VCO input voltage 
will not exceed the capabilities of the phase detector. If a 
smaller VCO signal is required, a simple resistive voltage 
divider is connected between pin 9 of the waveform genera- 
tor and the VCO input of the phase detector. 


Second, the DC output level of the amplifier must be made 
compatible to the DC level required at the FM input of the 
waveform generator (pin 8, 0.8V+). The simplest solution here 
is to provide a voltage divider to V+ (R,;, R2 as shown) if the 
amplifier has a lower output level, or to ground if its level is 
higher. The divider can be made part of the low-pass filter. 


This application not only provides for a free-running fre- 
quency with very low temperature drift, but is also has the 
unique feature of producing a large reconstituted sinewave 
signal with a frequency identical to that at the input. 


For further information, see Harris Application Note A013, 
“Everything You Always Wanted to Know About the 
ICL8038”. 


Definition of Terms 


Supply Voltage (Vsypp.y)- The total supply voltage from V+ 
to V-. 


Supply Current. The supply current required from the 
power supply to operate the device, excluding load currents 
and the currents through Ra, and Re. 


Frequency Range. The frequency range at the square wave 
output through which circuit operation is guaranteed. 


Sweep FM Range. The ratio of maximum frequency to mini- 
mum frequency which can be obtained by applying a sweep 
voltage to pin 8. For correct operation, the sweep voltage 
should be within the range 


(7/3 Vguppiy + 2V) < Vsweep < VsuppLy 
FM Linearity. The percentage deviation from the best fit straight 
line on the control voltage versus output frequency curve. 
Output Amplitude. The peak-to-peak signal amplitude 
appearing at the outputs. 
Saturation Voltage. The output voltage at the collector of 


Q53 when this transistor is turned on. It is measured for a 
sink current of 2mA. 


Rise and Fall Times. The time required for the square wave 
Output to change from 10% to 90%, or 90% to 10%, of its 
final value. 


Triangle Waveform Linearity. The percentage deviation 
from the best fit straight line on the rising and falling triangle 
waveform. 


Total Harmonic Distortion. The total harmonic distortion at 
the sine wave output. 
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FIGURE 20. WAVEFORM GENERATOR USED AS STABLE VCO IN A PHASE-LOCKED LOOP 
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Features Description 

© PUN GOGIO AGCUIOCY.. 6.6 ccc cccwccsuccusbevces 0.5% The ICL8048 is a monolithic logarithmic amplifier capable of 
handling six decades of current input, or three decades of 

S perat te) ° 

bali ure Pompensated Operation .. . 0° to #7010 voltage input. It is fully temperature compensated and is 

e Scale Factor, Adjustable................ 1V/Decade nominally designed to provide 1V of output for each decade 
change of input. For increased flexibility, the scale factor, ref- 

* Dynamic Current Range (ICL8048)............ 1204B erence current and offset voltage are externally adjustable. 


¢ Dynamic Voltage Range (ICL8048 & ICL8049). .. .60dB 
¢ Dual JFET input Op Amps 


The ICL8049 is the antilogarithmic counterpart of the 
ICL8048; it nominally generates one decade of output volt- 
age for each 1V change at the input. 


Ordering Information 


[PARTNUMBER | ERROR (25°C) | TEMPERATURE RANGE | PACKAGE 


Functional Diagrams 


Pinouts 


ICL8048 (CDIP) ICL8048 


TOP VIEW 


A, OFFSET (7) fa] Az OFFSET 
NUL ULL 
A; OFFSET Az OFFSET 
NULL 5 Ei NULL 
V- 11] V+ 
Ay OUTPUT 10] Vout 
NC | 8 | 9] NC 


ICL8049 (CDIP) 
TOP VIEW 
A; INPUT | 1 46] Vin 
GAIN | 2 45] GND 
Incr | 3. Az INPUT 
A; OFFSET A OFFSET 
NULL NULL 
A; OFFSET Az OFFSET 
NULL a ie ULL 


v- 16 | 41] V+ 
A, OUTPUT H0] Vout 
NC | 8 | 19} NC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 7-130 
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Specifications ICL8048 


Absolute Maximum Ratings Operating Conditions : 
SUDIVMOMAGG: «woos ee he cwee es Dehiwe Mee nleueins ives +18V Operating Temperature Range ..............+.-. 0°C to +70°C 
Las UT CUNT). Son ic cece cc cc shane puaues Wes tke 2mA Storage Temperature Range.................-. -65°C to +150°C 
icice: (GMOOTION GANIOUE) ices vcc ce ceccsendcanesceveer 2mA 

Voltage Between Offset Null and V+.................. 00 0e +0.5V 

Output Short Circuit Duration.............. 0. cee eee Indefinite 

POMBE LOOIRIONR sis ccci eno NV es ccd edanaserasaer 750mW 

Lead Temperature (Soldering 10 Sec.)............ eee +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications V., = +15V, T, = +25°C, Incr = 1mA, Scale Factor Adjusted for 1V/Decade, Unless Otherwise Specified 


ICL4048BC ICL8048CC 
oat eae ee 


PARAMETERS TEST CONDITIONS 


Dynamic Range 


ly (ANA - 1mA) 


Vin (10mvV - 10V) 


Error, % of Full Scale Ty = +25°C, 


iw = 1NA to imA 


Ta = 0°C to +70°C, 
lin = 1NA to 1MA 


Ta = +25°C, 
lw = 1NA to imA 


Error, Absolute Value 


Ta = 0°C to +70°C, 
ly = 1A to 1mA 


Femeonre catenin _[wstwina | 
ce oe a 
emai aA) feseonang | 
a 


N 
on 


Output Voltage Swing Ry = 10kQ +14 +12 | +14 


Power Consumption 


Supply Current 
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Specifications ICL8049 


Absolute Maximum Ratings Operating Conditions 

RUSE oo oo scoe vs vice csses CON Us ARR GIGS o'si +18V Operating Temperature Range .................. 0°C to +70°C 
Fig OP CIO) ovine ove vce s os SeSUNG LET +15V Storage Temperature Range.................. -65°C to +150°C 
Hpac: CPIMUICUIID CMT) os sivas cools sc aves se tdoecicee 2mA 

Voltage Between Offset Null and V+...................005- +0.5V 

Output Short Circuit Duration. ............00c cece eee indefinite 

PENNE So ob css b apd's'yps0's 02s weiceereua 750mW 

Lead Temperature (Soldering 10 Sec.).............008: +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vg = +15V, T, = +25°C, Incr = 1mA, Scale Factor Adjusted for 1 Decade (Out) per Volt (In), Uniess Oth- 


erwise Specified 
PARAMETERS TEST CONDITIONS 
Dynamic Range (Voyr) 


Error, Absolute Value Ta = +25°C, OV s Vin $ 2V 


Ta = 0°C to +70°C, 
OVs Vin <3V 


Temperature Coefficient, Referred | Vij = 3V 
to Vin 


5 


ac 


+12 +14 
+10 +13 


Can 
= 
AL 
Fi 
Bi 
aa 


= 
inc 


= = 
uu Ww 
: : 
: g 
3 3 
ImV 10mV 100mV 1V 10V 
INPUT VOLTAGE (V) INPUT CURRENT (A) 
FIGURE 1. TRANSFER FUNCTION FOR VOLTAGE INPUTS FIGURE 2. TRANSFER FUNCTION FOR CURRENT INPUTS 
(ICL8048 ONLY) (ICL8048 ONLY) 
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Typical Performance Curves (Continued) 
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st a es 
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10K 


SMALL SIGNAL BANDWIDTH (Hz) 
x 
N 
NL 


10 
10°11 10° 107 10° 10° 
INPUT CURRENT (A) 


FIGURE 3. SMALL SIGNAL BANDWIDTH AS A FUNCTION OF 
INPUT CURRENT (ICL8048 ONLY) 


Bla & eT 8048CC (0°C TO +70°C) aie des 


S 175 


NL] sowsscrcrose) | ||] | 


HWE 5 Ream 2 ROR SC 
8048CC (+25°C) Shekel 
be ee eae ed i a 


10mV 100mV 10V 
INPUT VOLTAGE (V) 


FIGURE 5. MAXIMUM ERROR VOLTAGE AT THE OUTPUT AS 
A FUNCTION OF INPUT VOLTAGE (ICL8048 ONLY) 


MAXIMUM ERROR VOLTAGE (+m 
8 


OUTPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 


FIGURE 7. TRANSFER FUNCTION (Voy, AS A FUNCTION OF Vy) 
(ICL8049 ONLY) 
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8048CC (+25°C) 


8048BC (0°C TO +70°C) 


eS a 2 i Bo 
a ee 
SES GRE SS REE SE 


MAXIMUM ERROR VOLTAGE (+mV) 


10° 10% 107 10% 10% 104 10% 
INPUT CURRENT (A) 


FIGURE 4. MAXIMUM ERROR VOLTAGE AT THE OUTPUT AS 
A FUNCTION OF INPUT CURRENT (ICL8048 ONLY) 


VOLTAGE GAIN = aN et 
Rin = 10kQ OuT iN 


VOLTAGE GAIN 


0.01 


ImV 10mV 100mV 10V 


INPUT VOLTAGE (V) 


FIGURE 6. SMALL SIGNAL VOLTAGE GAIN AS A FUNCTION 
OF INPUT VOLTAGE FOR Rg = 10kQ 
(ICL8048 ONLY) 
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WW 
= 8049CC (#25°C) 
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FIGURE 8. MAXIMUM ERROR VOLTAGE REFERRED TO THE 
INPUT AS A FUNCTION OF Vy, (ICL8049 ONLY) 
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Typical Performance Curves (Continued) 


SMALL SIGNAL BANDWIDTH (Hz) 


INPUT VOLTAGE (V) 
FIGURE 9. SMALL SIGNAL BANDWIDTH AS A FUNCTION OF 
INPUT VOLTAGE (ICL8049 ONLY) 


ICL8048 Detailed Description 


The ICL8048 relies for its operation on the well known expo- 
nential relationship between the collector current and the 
base emitter voltage of a transistor: 


Wee 
Ig = Ig | exo xT -1 | (1) 


For base emitter voltages greater than 100mV, Eq. (1) 
becomes 


Wee 
lo = Ig exp (—>- ) (2) 


From Eq. (2), it can be shown that for two identical transis- 
tors operating at different collector currents, the Vee differ- 
ence (AVg.) is given by: 


| 
kT C1 


Referring to Figure 11 it is clear that the potential at the col- 
lector of Q2 is equal to the AVge between Q, and Q,. The 
output voltage is AVge multiplied by the gain of Ao: 


Ry +R, | 


kT IN 
A, aS: oa (4) 


Voyr = -2:303 ( 


kT 
The expression 2.303 x 7 has a numerical value of 59mV at 


+25°C; thus in order to generate 1V/decade at the output, 
the ratio (R; + Ro)/Re is chosen to be 16.9. For this scale 


factor to hold constant as a function of temperature, the (R, 
+ Ro)/Ro term must have a 1/T characteristic to compensate 
for kT/q. 


In the ICL8048 this is achieved by making R1 a thin film 
resistor, deposited on the monolithic chip. It has a nominal 


ee 
AS as 
~ 

2 3 


INPUT VOLTAGE (V) 
FIGURE 10. SMALL SIGNAL VOLTAGE GAIN AS A FUNCTION 
OF INPUT VOLTAGE (ICL8049 ONLY) 


se ae 
; = 
i ee OR Bees cee! 
oe 
: ss Aad eS See eae 
; aan aoe Ole 
> 28 ee 


value of 15.9kQ at +25°C, and its temperature coefficient is 
carefully designed to provide the necessary compensation. 
Resistor Ro is external and should be a low T.C. type; it 
should have a nominal value of 1kQ to provide 1V/decade, 
and must have an adjustment range of +20% to allow for pro- 
duction variations in the absolute value of R;. 


ICL8048 Offset and Scale Factor 
Adjustment 


A log amp, unlike an op amp, cannot be offset adjusted by 
simply grounding the input. This is because the log of zero 
approaches minus infinity; reducing the input current to zero 
starves Q, of collector current and opens the feedback loop 
around A. Instead, it is necessary to zero the offset voltage 
of A; and A, separately, and then to adjust the scale factor. 
Referring to Figure 11, this is done as follows: 


1. Temporarily connect a 10kQ resistor (Ro) between pins 2 
and 7. With no input voltage, adjust R, until the output of 
Az (pin 7) is zero. Remove Ro. 


Note that for a current input, this adjustment is not neces- 
sary since the offset voltage of A, does not cause any er- 
ror for current source inputs. 


2. Set lin = IRer = 1MA. Adjust Rs such that the output of A, 
(pin 10) is zero. 


3. Set liy = 1pA, Iper = IMA. Adjust Ro for Voyr = 3V (fora 
1V/decade scale factor) or 6V (for a 2V/decade scale 
factor). 


Step #3 determines the scale factor. Setting Ij, = 1pA 
optimizes the scale factor adjustment over a fairly wide 
dynamic range, from imA to 1nA. Clearly, if the ICL8048 is to 
be used for inputs which only span the range 100yA to 1mA, 
it would be better to set Iiy = 100pLA in Step #3. Similarly, 
adjustment for other scale factors would require different |), 
and Vout values. 
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FIGURE 11. ICL8048 OFFSET AND SCALE FACTOR ADJUSTMENT 


ICL8049 Detailed Description 


The ICL8049 relies on the same logarithmic properties of the 
transistor as the ICL8048. The input voltage forces a specific 
AVpg¢ between Q, and Q, (Figure 12). This Vp¢ difference is 
converted into a difference of collector currents by the 
transistor pair. The equation governing the behavior of the 
transistor pair is derived from (2) on the previous page and is 


as follows: 
| qAV 
1 BE 
o1 = oxp| j (5) 


When numerical values for q/kT are put into this equation, it 
is found that a AVpe of 59mV (at +25°C) is required to 
change the collector current ratio by a factor of ten. But for 
ease of application, it is desirable that a 1V change at the 
input generate a tenfold change at the output. The required 
input attenuation is achieved by the network comprising R, 
and Ro. In order that scale factors other than one decade per 
volt may be selected, Ro is external to the chip. It should 
have a value of 1kQ, adjustable +20%, for one decade per 
volt. R,; is a thin film resistor deposited on the monolithic 
chip; its temperature characteristics are chosen to 
compensate the temperature dependence of equation 5, as 
explained on the previous page. 


The overall transfer function is as follows: 


lout “Ro avin 
‘aeeeaipdaes aw rvs se eee (6) 
REF (R, + Ro) kT 


Substituting Vout = lout X Rout gives: 


Bg: 2 ANAN 
Yout = Rout 'rer | (eR) “aT |) 


For voltage references equation 7 becomes 


OUT 2 qVIN 


ICL8049 Offset and Scale Factor 
Adjustment 


As with the log amplifier, the antilog amplifier requires three 
adjustments. The first step is to null out the offset voltage of 
A>. This is accomplished by reverse biasing the base-emitter 
Of Qo. A, then operates as a unity gain buffer with a 
grounded input. The second step forces Vix, = 0; the output 
is adjusted for Voy7 = 10V. This step essentially “anchors” 
one point on the transfer function. The third step applies a 
specific input and adjusts the output to the correct voltage. 
This sets the scale factor. Referring to Figure 12 the exact 
procedure for 1 decade/volt is as follows: 


1. Connect the input (pin #16) to +15V. This reverse biases 
the base-emitter of Q,. Adjust R7 for Voyr = OV. Discon- 
nect the input from +15V. 


2. Connect the input to Ground. Adjust Rg for Voy = 10V. 
Disconnect the input from Ground. 


3. Connect the input to a precise 2V supply and adjust Ro for 
Vout = 100mV. 


The procedure outlined above optimizes the performance 
over a 3 decade range at the output (i.e., Voy from 10mV) 
to 10V). For a more limited range of output voltages, for 
example 1V to 10V, it would be better to use a precise 1V 
supply and adjust for Voyr = 1V. For other scale factors and/ 
or starting points, different values for Ro and Rae will be 
needed, but the same basic procedure applies. 
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sh 16 J IREF 
7] 200pF i3 
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ee 


Rout 
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Vout 
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FIGURE 12. ICL8049 OFFSET AND SCALE FACTOR ADJUSTMENT 


Applications Information 
ICL8048 Scale Factor Adjustment 


The scale factor adjustment procedures outlined previously 
for the ICL8048 and ICL8049, are primarily directed towards 
setting up 1V (AVoyr) per decade (Aljy or AVjy) for the log 
amp, or one decade (AVoy7) per volt (AVj,y) for the antilog 
amp. 


This corresponds to K 1 in the respective transfer 


functions: 


“K 910] | (9) 


Log Amp: Voyt = mee 


onV 

Antilog Amp: Voyt = Roy 'Rer 10 (—) (10) 
By adjusting Ro (Figure 11 and Figure 12) the scale factor 
“K” in equation 9 and 10 can be varied. The effect of 
changing K is shown graphically in Figure 13 for the log amp, 
and Figure 14 for the antilog amp. The nominal value of R, 
required to give a specific value of K can be determined from 
equation 11. It should be remembered that R, has a +20% 
tolerance in absolute value, so that allowance shall be made 
for adjusting the nominal value of R, by +20%. 


941 
~ (K—=0.059) a 


ICL8048 Automatic Offset Nulling Circuit 


Ro (11) 


The ICL8048 is fundamentally a logarithmic current 
amplifier. It can be made to act as a voltage amplifier by 
placing a resistor between the current input and the voltage 


source but, since lin = (Vin “ Vorrset)/Rin; this conversion is 
accurate only when Viy is much greater than the offset 
voltage. A substantial reduction of Vorrser would allow 
voltage operation over a 120dB range. 


Figure 15 shows the ICL8048 in an automatic offset nulling 
configuration using the ICL7650S. The extremely low offset 
voltage of the ICL7650S forces its non-inverting input (and 
thus pin 2 of the ICL8048) to the same potential as its 
inverting input by nulling the first stage of the log amp. Since 
VorFset is now within a few pV of ground potential, Rij can 
perform its voltage to current conversion much more 
accurately, and without an offset trimmer pot. Step 1 of the 
offset and scale factor adjustment is eliminated, simplifying 
calibration. 


NOTE: The ICL7650S op amp has a maximum supply voltage of 
18V. The ICL8048 will operate at this voltage, but Ince must 
be limited to 200uA or less for proper calibration and 
operation. Best performance will be achieved when the 
ICL7650S has a +3V to +8V supply and the ICL8048 is at its 
recommended +15V supply. See A053 for a method of 
powering the ICL7650S from a +15V source. 


Frequency Compensation 


Although the op amps in both the ICL8048 and the ICL8049 
are compensated for unity gain, some additional frequency 
compensation is required. This is because the log transistors 
in the feedback loop add to the loop gain. In the ICL8048, 
150pF should be connected between Pins 2 and 7 
(Figure 11). In the ICL8049, 200pF between Pins 3 and 7 is 
recommended (Figure 12). 
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FIGURE 14. EFFECT OF VARYING “K” ON THE LOG AMPLIFIER 
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FIGURE 15. ICL8048 OFFSET NULLED BY ICL7650 


Error Analysis 


Performing a meaningful error analysis of a circuit containing 
a log and antilog amplifiers is more complex than dealing 
with a similar circuit involving only op amps. In this data 
sheet every effort has been made to simplify the analysis 
task, without in any way compromising the validity of the 
resultant numbers. 


The key difference in making error calculations in log/antilog 
amps, compared with op amps, is that the gain of the former 
is a function of the input signal level. Thus, it is necessary, 
when referring errors from output to input, or vice versa, to 


check the input voltage level, then determine the gain of the 
circuit by referring to the graphs given in the Typical 
Performance Curves section. 


The various error terms in the log amplifier, the ICL8048, are - 


Referred To the Output (RTO) of the device. The error terms 
in the antilog amplifier, the ICL8049, are Referred To the 
Input (RTI) of the device. The errors are expressed in this 
way because in the majority of systems a number of log 
amps interface with an antilog amp, as shown in Figure 16. 
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ERROR DUE TO A (RTO) 
=xmV 


ERROR DUE TO C (RTI) 
= zmvV 


OUTPUT 


INPUT ERROR DUE TO B (RTO) 


= ymV 
FIGURE 16. 


It is very straightforward to estimate the system error at node 
(A) by taking the square root of the sum-of-the-squares of 
the errors of each contributing block. 


Total Error = vx? + y? + 27 at (A) 


If required, this error can be referred to the system output 
through the voltage gain of the antilog circuit, using the 
voltage gain versus input voitage plot. 


The numerical values of x, y, and z in the above equation are 
obtained from the maximum error voltage plots. For example, 
with the ICL8048BC, the maximum error at the output is 
30mV at +25°C. This means that the measured output will be 
within 30mV of the theoretical transfer function, provided the 
unit has been adjusted per the procedures described 
previously. Figure 17 illustrates this point. 


OUTPUT VOLTAGE (V) 


=. 


a OS sas es ty, 


8 
10° 10° 10% 107 10% 10° 104 10° 
INPUT CURRENT (A) 


Actual output will lie 
within shaded area for 
ICL8048BC at +25°C 


FIGURE 17. TRANSFER FUNCTION FOR CURRENT INPUTS 


To determine the maximum error over the operating 
temperature range, the 0°C to +70°C absolute error values 
given in the table of electrical specifications should be used. 
For intermediate temperatures, assume a linear increase in 
the error between the +25°C value and the +70°C value. 


For the antilog amplifier, the only difference is that the error 
refers to the input, i.e., the horizontal axis. It will be noticed 
that the maximum error voltage of the ICL8049, over the 
temperature range, is strongly dependent on the input 
voltage. This is because the output amplifier, Aj, has an 
offset voltage drift which is directly transmitted to the output. 
When this error is referred to the input, it must be divided by 
the voltage gain, which is input voltage dependent. At Vin = 
3V, for example, errors at the output are multiplied by 1/.023 
(=43.5) when referred to the input. 


It is important to note that both the ICL8048 and the ICL8049 
require positive values of Ince, and the input (ICL8048) or 
output (ICL8049) currents (or voltages) respectively must 
also be positive. Application of negative |\y to the |CL8048 or 
negative Iper to either circuit will cause malfunction, and if 
maintained for long periods, would lead to device 
degradation. Some protection can be provided by placing a 
diode between pin 7 and ground. 


Setting Up the Reference Current 


In both the ICL8048 and ICL8049 the input current reference 
pin (per) is not a true virtual ground. For the ICL8048, a 
fraction of the output voltage is seen on Pin 16 (Figure 11). 
This does not constitute an appreciable error provided Vac 
is much greater than this voltage. A 10V or 15V reference 
Satisfies this condition. For the ICL8049, a fraction of the 
input voltage appears on Pin 3 (Figure 12), placing a similar 
restraint on the value of Veer 


Alternatively, Iper can be provided from a true current 
source. One method of implementing such a current source 
is shown in Figure 18. 


+15V +15V 
Ry 
2N2219 
IRer = VaerRy 
IREF 
TO PIN 16 ON ICL8048 
TO PIN 3 ON ICL8049 
FIGURE 18. 


Log of Ratio Circuit, Division 


The ICL8048 may be used to generate the log of a ratio by 
modulating the Iper input. The transfer function remains the 
same, as defined by equation 9: 


V = —Klog a] (9) 
OUT 10 lneF 
Clearly it is possible to perform division using just one 
ICL8048, followed by an ICL8049. For multiplication, it is 
generally necessary to use two log amps, summing their 
outputs into an antilog amp. 


To avoid the problems caused by the Iper input not being a 
true virtual ground (discussed in the previous section), the 
circuit of Figure 18 is again recommended if the Ip¢r input is 
to be modulated. 
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Definition of Terms 


In the definitions which follow, it will be noted that the various 
error terms are referred to the output of the log amp, and to 
the input of the antilog amp. The reason for this is explained 
on the previous page. 


Dynamic Range. The dynamic range of the ICL8048 refers 
to the range of input voltages or currents over which the 
device is guaranteed to operate. For the ICL8049 the 
dynamic range refers to the range of output voltage over 
which the device is guaranteed to operate. 


Error, Absolute Value. The absolute error is a measure of 
the deviation from the theoretical transfer function, after 
performing the offset and scale factor adjustments as 
outlined, (ICL8048) or (ICL8049). It is expressed in mV and 
referred to the linear axis of the transfer function plot. Thus, 
in the case of the ICL8048, it is a measure of the deviation 
from the theoretical output voltage for a given input current 
or voltage. For the ICL8049 it is a measure of the deviation 
from the theoretical input voltage required to generate a 
specific output voltage. 


The absolute error specification is guaranteed over the 
dynamic range. 


Error, % of Full Scale. The error as a percentage of full 
scale can be obtained from the following relationship: 


100 x Error, absolute value 


596 OF FUN SOS ae rrr ere me 
Sree Teoh Reale. a a ir Volaoe 


Temperature Coefficient of Voy; or Vin. For the ICL8048 
the temperature coefficient refers to the drift with 
temperature of Voyrt for a constant input current. 


For the ICL8049 it is the temperature drift of the input voltage 
required to hold a constant value of Voy. 


Power Supply Rejection Ratio. The ratio of the voltage 
change in the linear axis of the transfer function (Voyr for the 
ICL8048, Vix for the ICL8049) to the change in the supply 
voltage, assuming that the log axis is held constant. 


Wideband Noise. For the ICL8048, this is the noise 
occurring at the output under the specified conditions. In the 
case of the ICL8049, the noise is referred to the input. 


Scale Factor. For the log amp, the scale factor (K) is the 
voltage change at the output for a decade (i.e. 10:1) change 
at the input. For the antilog amp, the scale factor is the 
voltage change required at the input to cause a one decade 
change at the output. See equations 9 and 10. 


Application Notes 


For further applications assistance, see A007 “The ICL8048/ 
8049 Monolithic Log-Antilog Amplifiers”. 
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March 1993 Long Range Fixed Timer 
Features Description 
e Replaces the 2242 in Most Applications The ICM7242 is a CMOS timer/counter circuit consisting of 
° Timing From Microseconds to Days an RC oscillator followed by an 8-bit binary counter. It will 


replace the 2242 in most applications, with a significant 


e Cascadeable reduction in the number of external components. 


* Monostable or Astable Operation Three outputs are provided. They are the oscillator output, 
e Wide Supply Voltage Range: 2V - 16V and buffered outputs from the first and eighth counters. 


¢ Low Supply Current: 115A at 5V 


Pinout 1CM7242 Ordering Information 
(PDIP, SOIC) 
TOP VIEW 


TEMPERATURE 
PART NUMBER RANGE 
ICM7242IPA -25°C to +85°C 8 Lead Plastic DIP 
ICM7242CBA 0°C to +70°C 8 Lead SOIC 


Voo Li 1g | TBVO 
+2 OUT [2] RC 
+128/256 OUT | 3| 16 | TRIGGER 

Vss | 4] 15 | RESET 


a ow iF eee 


Vpoo Vss TB VO RESET TRIGGER +2 OUT +128/256 
OUTPUT 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2 866.1 
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Specifications ICM7242 


Absolute Maximum Ratings Operating Conditions 

SUMO VOHEOR (Vion, 00 View)... onc inc wascccesscdcccssven 18V Operating Temperature Range 

Input Voltage (Note 1) GRA OAS ne canner ee reerrrrpreren -25°C to +85°C 
Terminals (Pins 5, 6,7, 8).......... (Vgg -0.3V) to (Vpp +0.3V) ee Aaa 0°C to +70°C 

Maximum Continuous Output Current (Each Output)........ 50mA Storage Temperature Range...............6-- -65°C to +150°C 

Power Dissipation (Note 2)........... ccc cece cece eees 200mW 

Lead Temperature (Soldering 10 Sec.)..............26- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vpp = 5V, T, = +25°C, R = 10kQ, C = 0.1,1F, Vsg = OV, Unless Otherwise Specified 


[PARAMETERS | SYMBOL | __TESTCONDITIONS | MIN | TYP | MAX | UNITS 
cemnsumyvence 7 TL Me | ee 


Sap Carer (i: SEE Ge a Gee (Deis We 

(Operating, A= 10K0,C=O1uF | - | 940 | 600 | HA 

(Operating, R=1MG,C=0.1uF | - | 220 | 600 | nA 

[TB Inhibited, RC Connected toVes [| - | 225 | - | uA | 

Api AOOSRR ura as cadvalmooal esmuon  veeue so uonomea oa Tahnbs viesue shretors| 
Drift 

eae re ae km es 

atom fT Tf | Om] 

[Time Base Output Leakage Curent | trax [RC=Ground ——=S~—~sSCS~SC*dTSSC*dYC | 

iis reer ers eae 

fe wed 

Se Co ad 

rad ee ald Bee 

aaa Wes a 

Max Count Toggle Rate feat Sarak OPS ge ee Be 

eet 8) | 


Output Saturation Voltage 


fr 
50% Duty Cycle Input with Peak to Peak 
Voltages Equal to Vpp and Vss 
Vsat All Outputs Except TB Output Vpp = 5V, Vv 
lout = 3.2mA 


[Output Sourcing Curent | Teounce [Voo = 6V Terminal 2&3, Von=tv [| 900 | - | ma 
[MINTiming Capacitor Nowa) | cr | ——SS—~CSCS | dP 
Timing Resistor Range (Note 3) | Py |Vop=2-1V SCS «YY Cd | 


NOTES: 


1. Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vpp or less than Vsg may cause 
destructive device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same supply be 
applied to the device before its supply is established and, that in multiple supply systems, the supply to the |CM7242 be turned on first. 


2. Derate at -2mW/C above +25°C. 
3. For design only, not tested. 


Test Circuit 


Vop ¢ 


> TIME BASE INPUT/OUTPUT 


+21 (RC/2) OUTPUT ¢ 2 Vp 


+2° (RC/256) OUTPUT °¢ 


= RESETS TIME BASE PERIOD = 1.0RC; 


1 SEC. =1MQ x1 
NOTE: +2' and +2° outputs are inverters and have active pullups. Jk. " al 


FIGURE 1. 
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Typical Performance Curves 


0 2 4 6 8 10 12 14 16 
SUPPLY VOLTAGE (V) 


FIGURE 2. SUPPLY CURRENT AS A FUNCTION OF SUPPLY 
VOLTAGE 


CAPACITANCE (F) 


0.1 1 10 100 1K 10K 100K 1M 10M 
TIME BASE FREQUENCY (Hz) 


FIGURE 4. TIMEBASE FREE RUNNING FREQUENCY AS A 
FUNCTION OF R AND C 


RESET PULSE WIDTH (ns) 


RESET AMPLITUDE (V) 


FIGURE 6. MINIMUM RESET PULSE WIDTH AS A FUNCTION 
OF RESET AMPLITUDE 
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100M 
fos as SE 
WARN AARANY 8 WN \ RS: 
SNS 


» 


N\\ [RECOMMENDED RANGE 
NYS TIMING COMPONENT VALUES 


BC 
BW\\\ 
= a Md 


100 
100pF 0.001 0.01 0.1 #1 #£«©+10 100 
TIMING CAPACITOR, C (uF) 


FIGURE 3. RECOMMENDED RANGE OF TIMING COMPONENT 
VALUES FOR ACCURATE TIMING 


TIMING RESISTOR, R (Q) 


1000 10,000 


g 1200 /-— 
ila! OE! OS ee i Se es aes es es 


eit 

2 web AH tt | tt 

a 

3 700 

Eee te 

o 500 

Se ae ek 

ie, 1 SS Ls oe, Se a 
ESR, 2 Bae jo 


TRIGGER AMPLITUDE (V) 


FIGURE 5. MINIMUM TRIGGER PULSE WIDTH AS A 
FUNCTION OF TRIGGER AMPLITUDE 


fd soared efecto od ae | 
feat Eo Loge 


NORMALIZED FREQUENCY DEVIATION (%) 
° 
° 


2 “ 6 8 102-46 = ee ee ae 
SUPPLY VOLTAGE (V) 


FIGURE 7. NORMALIZED FREQUENCY STABILITY IN THE AS- 
TABLE MODE AS A FUNCTION OF SUPPLY VOLTAGE 


ICM7242 


Typical Performance Curves (Continued) 


NORMALIZED FREQUENCY DEVIATION (%) 


TEMPERATURE (°C) 


FIGURE 8. NORMALIZED FREQUENCY STABILITY IN THE AS- 
TABLE MODE AS A FUNCTION OF TEMPERATURE 


_ 
o 
i=) 


~— 
i=) 


DISCHARGE SINK CURRENT (mA) 


DISCHARGE SATURATION VOLTAGE (V) 


FIGURE 10. DISCHARGE OUTPUT CURRENT AS A FUNCTION 
OF DISCHARGE OUTPUT VOLTAGE 


100M ae 
sarrape 


10M 


RC CONNECTED 
TO GROUND 


100K 


= 
— 
sate 
— 
ra 
ee 
dias 
ae 


X 
TENN 
CUE AEA UT 


MAXIMUM DIVIDER FREQUENCY (Hz) 
z= 


sakdictieas 3 
02 4 6 8 0 12 14 16 18. 20 
SUPPLY VOLTAGE (V) 
FIGURE 9. MAXIMUM DIVIDER FREQUENCY vs SUPPLY 


VOLTAGE 


100 


-_ 
oO 


OUTPUT SATURATION CURRENT (mA) 


OUTPUT SATURATION VOLTAGE (V) 


FIGURE 11. OUTPUT SATURATION CURRENT AS A FUNCTION 
OF OUTPUT SATURATION VOLTAGE 


Operating Considerations 


Shorting the RC terminal or output terminals to Vpp may 
exceed dissipation ratings and/or maximum DC current limits 
(especially at high supply voltages). 


There is a limitation of 50p9F maximum loading on the TB I/O 
terminal if the timebase is being used to drive the counter 
section. If higher value loading is used, the counter sections 
may miscount. 


For greatest accuracy, use timing component values shown 
in Figure 3. For highest frequency operation it will be desir- 
able to use very low values for the capacitor; accuracy will 
decrease for oscillator frequencies in excess of 200kHz. 


The timing capacitor should be connected between the RC 
pin and the positive supply rail, Vpp, as shown in Figure 1. 
When system power is turned off, any charge remaining on 


the capacitor will be discharged to ground through a large 
internal diode between the RC node and Vggs. Do NOT refer- 
ence the timing capacitor to ground, since there is no high 
current path in this direction to safely discharge the capacitor 
when power is turned off. The discharge current from such a 
configuration could potentially damage the device. 


When driving the counter section from an external clock, the 
optimum drive waveform is a square wave with an amplitude 
equal to the supply voltage. If the clock is a very slow ramp 
triangular, sine wave, etc., it willbe necessary to “square up” 
the waveform; this can be done by using two CMOS invert- 
ers in series, operating from the same supply voltage as the 
ICM7242. 


The ICM7242 is a non-programmable timer whose principal 
applications will be very low frequency oscillators and long 
range timers; it makes a much better low frequency oscilla- 
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tortimer than a 555 or ICM7555, because of the on-chip 
8-bit counter. Also, devices can be cascaded to produce 
extremely low frequency signals. 


Because outputs will not be AND’d, output inverters are used 
instead of open drain N-channel transistors, and the external 
resistors used for the 2242 will not be required for the 
ICM7242. The ICM7242 will, however, plug into a socket for 
the 2242 having these resistors. 


The timing diagram for the ICM7242 is shown in Figure 12. 
Assuming that the device is in the RESET mode, which 
occurs on power up or after a positive signal on the RESET 
terminal (if TRIGGER is low), a positive edge on the trigger 
input signal will initiate normal operation. The discharge 
transistor turns on, discharging the timing capacitor C, and 
all the flip-flops in the counter chain change states. Thus, the 
outputs on terminals 2 and 3 change from high to low states. 
After 128 negative timebase edges, the +2° output returns to 
the high state. 


TRIGGER INPUT 
isineiinnntacinicniamaiiemaiin: (ia 


TIHETTTTTT TTT TIMEBASE INPUT 
“>” (TERMINAL 8) 
"LILFLELP LIL =a 
(TERMINAL 2) 
+ 128/256 OUTPUT 
(TERMINAL 3) (ASTABLE 
base aueer | ccamaiiaad OR “FREE RUN” MODE) 
+ 128/256 OUTPUT 
Lee COhiesia 
~«— 428RC —> OR “ONE SHOT” MODE) 


FIGURE 12. TIMING DIAGRAMS OF OUTPUT WAVEFORMS 
FOR THE ICM7242 (COMPARE WITH FIGURE 16) 


Juun 
— "ig (V+) 


FIGURE 13. USING THE ICM7242 AS A RIPPLE COUNTER 
(DIVIDER) 


To use the 8-bit counter without the timebase, terminal 7 
(RC) should be connected to ground and the outputs taken 
from terminals 2 and 3. 


The ICM7242 may be used for a very low frequency square 
wave reference. For this application the timing components 
are more convenient than those that would be required by a 
555 timer. For very low frequencies, devices may be cas- 
caded (see Figure 14). 


FIGURE 14. LOW FREQUENCY REFERENCE (OSCILLATOR) 


For monostable operation the +28 output is connected to the 
RESET terminal. A positive edge on TRIGGER initiates the 
cycle (NOTE: TRIGGER overrides RESET). 


The ICM7242 is superior in all respects to the 2242 except 
for initial accuracy and oscillator stability. This is primarily 
due to the fact that high value p- resistors have been used 
on the ICM7242 to provide the comparator timing points. 


TRIGGER i i TERMINAL 6 


TB OUTPUT TTITTITTITi I teams, 
OUTPUT i i TERMINAL 3 


FIGURE 15. MONOSTABLE OPERATION 


Comparing the ICM7242 With the 2242 


DIM Gns Ske 


Pullup Resistors 
TB Output 


Yes 
TERS Bel eee ie 
256 Ou aa ees es 
FroggeRate «dCs | swe 
Resisorto nbn Gacaior [No | Yes 


Resistor in Series with Reset for Yes 
Monostable Operation 
fiat fot 


7-144 


ICM7242 


By selection of R and C, a wide variety of sequence timing By cascading devices, use of low cost CMOS AND/OR gates 
can be realized. A typical flow chart for a machine tool con- and appropriate RC delays between stages, numerous 


troller could be as shown in Figure 16. sequential control variations can be obtained. Typical 

applications include injection molding machine controllers, 
TRIGGERING CAN BE wee ee phonograph record production machines, automatic 
OBTAINED FROM A 


sequencers (no metal contacts or moving parts), milling 
machine controllers, process timers, automatic lubrication 
systems, etc. 


PREVIOUS STAGE, A 
LIMIT SWITCH, OPER- 
ATOR SWITCH, ETC. 


COUNT 
TO 185 


Sequence Timing 


1CM7242 1CM7240 1CM7242 ¢ Process Control 
START STOP e Machine Automation 
ene ae | 6 bl 
WAIT ENABLE WAIT COUNT ENABLE ¢ Electro-Pneumatic Drivers 
BOEG 10SEC: 6 SEC. T0185) 08 SEC. ¢ Multi Operation (Serial or Parallel Controlling) 
FIGURE 16. 


TRIGGER 
Yoo 
o—o ¢ 
S; 


*SELECT RC VALUES FOR DESIRED “ON TIME” FOR EACH ICM7242 


PUSH S,; TO START SEQUENCE: 


aa ~ MUST BE SHORTER THAN “ON time,” 
TRIGGER | | 


| 428R¢ —-—- >| 


OUTPUT A* | | 


|< 428R¢ ——_-—>| 
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OUTPUT B* 


jwe- 428RC > 


OUTPUT C* 


~«—— 128RC 4 


OUTPUT D* 


ON timec 
ON time, ON timeg ON timep 


FIGURE 17. SEQUENCE TIMER 
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Features 


e Exact Equivalent in Most Cases for SE/NE555/556 or 
TLC555/556 


Low Supply Current - 60,\A Typ. (ICM7555) 120A Typ. 
(ICM7556) 


Extremely Low Trigger, Threshold and Reset Currents 
- 20pA Typical 


High Speed Operation - 1MHz Typical 


e Wide Operation Supply Voltage Range Guaranteed 2V 
to 18V 


¢ Normal Reset Function - No Crowbarring of Supply 
During Output Transition 


e Can be Used with Higher impedance Timing Elements 
than Regular 555/6 for Longer RC Time Constants 


¢ Timing from Microseconds through Hours 

e Operates in Both Astable and Monostable Modes 

e Adjustable Duty Cycle 

¢ High Output Source/Sink Driver can Drive TTL/CMOS 
e Typical Temperature Stability of 0.005% per °C at +25°C 
e Outputs have Very Low Offsets, HI and LO 


Applications 

¢ Precision Timing 

¢ Pulse Generation 

e Sequential Timing 

e¢ Time Delay Generation 

¢ Pulse Width Modulation 

¢ Pulse Position Modulation 
¢ Missing Pulse Detector 


Description 


The ICM7555 and ICM7556 are CMOS RC timers providing 
significantly improved performance over the standard SE/ 
NE555/6 and 355 timers, while at the same time being direct 
replacements for those devices in most applications. Improved 
parameters include low supply current, wide operating supply 
voltage range, low THRESHOLD, TRIGGER and RESET cur- 
rents, no crowbarring of the supply current during output transi- 
tions, higher frequency performance and no requirement to 
decouple CONTROL VOLTAGE for stable operation. 


Specifically, the ICM7555 and ICM7556 are stable control- 
lers capable of producing accurate time delays or frequen- 
cies. The ICM7556 is a dual ICM7555, with the two timers 
operating independently of each other, sharing only V+ and 
GND. In the one shot mode, the pulse width of each circuit is 
precisely controlled by one external resistor and capacitor. 
For astable operation as an oscillator, the free running fre- 
quency and the duty cycle are both accurately controlled by 
two external resistors and one capacitor. Unlike the regular 
bipolar 555/6 devices, the CONTROL VOLTAGE terminal 
need not be decoupled with a capacitor. The circuits are trig- 
gered and reset on falling (negative) waveforms, and the out- 
put inverter can source or sink currents large enough to drive 
TTL loads, or provide minimal offsets to drive CMOS loads. 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


ICM7555CBA 0°C to +70°C 8 Lead SOIC 
ICM7555IBA -25°C to +85°C 8 Lead SOIC 
ICM75551PA -25°C to +85°C =| 8 Lead Plastic DIP 


ICM7555ITV -25°C to +85°C + | 8 Pin TO-99 Can 
ICM7555MTV* -55°C to +125°C =| 8 Pin TO-99 Can 
ICM7556IPD -25°C to +85°C | 14 Lead Plastic DIP 


ICM7556MJD* -55°C to +125°C | 14 Lead Ceramic DIP 


* Add /883B to part number if 883B processing Is desired. 


Pinouts 
ICM7555 (PDIP, SOIC) 1CM7555 (TO-99 CAN) ICM7556 (PDIP, CDIP) 
TOP VIEW TOP VIEW TOP VIEW 
V+ AND CASE 
GND | 1| 18 | V+ 
TRIGGER | 2| DISCHARGE 
OUTPUT | 3 | '6 | THRESHOLD 
RESET CONTROL 
ESET | 4 5] VOLTAGE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications ICM7555 


Absolute Maximum Ratings Operating Conditions 

SUppIY VONAQG «50. oe oes hea eh ce aa Ge A +18V Operating Temperature Range (Note 2) 

Input Voltage eg ES Fo ier s sy ESET Te kee 0°C to +70°C 
Trigger, Control Voltage, Threshold, IOMTSBSIA. 3. ccs acs ss + <abiOneetts SRaRoN -25°C to +85°C 
FUMOU NGI U5 5 oie rs cove cneas saRee V+ +0.3V to GND -0.3V ORO Vic cs ca ce ctaeas oa cws -55°C to +125°C 

NE oo oki oa sch eee on de sob eed ewe 100mA Storage Temperature Range................4.. -65°C to +150°C 

Power Dissipation (Note 2), ICM7555 ............00005 200mW 

Lead Temperature (Soldering 10 Sec.)...............0. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 1CM7555 


Reset Voltage 


Vast Vop = 2V to 15V 
Reset Current Inst | Vpp = 15V 
Discharge Leakage 


Output Voltage Drop Vor Vop = 15V, Isink = 20MA 


Ta = +25°C -55°C < Ta < +125°C 
ee 
Static Supply Current 1+ | e800 4 
Sues Moni Pere ng | oop | el 
Monostable Timing Accuracy ae eee ot=Lhe | - f cqucendnice? g 
ea ee ee eee 
Drift with Temp (Note 3) Vpp = 5V fos J - [ - F - | 150] -° [ppmec 
Sao = tama ae SE RE ES 
Vop = 16V e-dst | - | - | 20 | - [omc 
Drift with Supply (Note3)__ | [Vpp=SVto1sV CT LOST - | - fos | - Tw 
Astable Timing Accuracy =e Ra=Rg=10K,C=0.1pF,Vpp=5V) - | 2 | - F - | bh eile 
eae EI 
Drift with Temp (Note 3) Vpp = 5V ay ee eee | = | ppmec 
Rae c cumeos <1 Gee [ppm 
Vop = 15V ce BS ie |_-_| ppnv°c 
Dritwith Supply (Notes) | |Vop=6Vtotev.——~Ss~=~<~irtSC(“ SC‘ faa 
Threshold Voltage % 
Trigger Voltage Tae | 36 %Voo 
Trigger Current ve aio 50 | 
Threshold Current Tn eoe 50 | 
Control Voltage Vey | Vpp = 15V % 
1.0 | 
10 | 
cae 
1.0 


on 
s 
D 
mq 
A 
u 
oo 
ho 
3 
> 


<j< 
Oo }9 
o jo 


Output Voltage Drop Vou = 15V, lsource = 0.8mMA 
Vois | Yoo = SV, Isink = 15MA 


Vop = 15V, Isink = 15mA 


Vop = 5V, Ra = 4702, Rg = 2702, 
C = 200pF 


Discharge Output Voltage Drop 


Supply Voltage (Note 3) 
Output Rise Time (Note 3) 
Output Fall Time (Note 3) 
Oscillator Frequency (Note 3) 


V+ 
te 


ah nN —_ 
> N 
° a | pays 
Nh N 
sd 
> 


NiN > 
ayo (de) 


NOTES: 

1. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater 
than V+ +0.3V or less than V- -0.3V may cause destructive latchup. For this reason it is recommended that no inputs from external sourc- 
es not operating from the same power supply be applied to the device before its power supply is established. In multiple systems, the 
supply of the |CM7555/6 must be turned on first. 

2. Junction temperatures should not exceed +135°C and the power dissipation must be limited to 20mW at +125°C. Below +125°C power 
dissipation may be increased to 300mW at +25°C. Derating factor is approximately 3mW/°C (7556) or 2mMW/°C (7555). 

3. These parameters are based upon characterization data and are not tested. 
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Specifications ICM7556 


Absolute Maximum Ratings Operating Conditions 

SUD VOREIS.. cic ce cdeet wee Dig wks Phmewes Pe ws +18V Operating Temperature Range (Note 2) 

Input Voltage CMTE os hoo ons snout a ade eee -25°C to +85°C 
Trigger, Control Voltage, Threshold, ICM755GMN a eck occ ce eH ONS oQRNGt -55°C to +125°C 
PURI ik i'n oh nets oka aed eae a8 V++0.3V toGND-0.3V Storage Temperature Range...............4.. -65°C to +150°C 

CHUN CUNT in cc cc cha cceseevs cGeien oe Guetuneee 100mA 

Power Dissipation (Note 2), ICM7556 ................. 300mW 

Lead Temperature (Soldering 10 Sec.)..............5.- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications ICM7556, T, = +25°C, Unless Otherwise Specified 


ICM7556l, M ICM7556M 
Ty =4+25°C > -55°C < Ty < +125°C 
PARAMETERS 


TEST CONDITIONS _MIN | TYP | MAX | eerie Ol 


UNITS 
PmreSippy Coren] Ripon ee 
Vop=15V CC 120 | Goo - | - | coo] A _| 

Monostable Timing Accuracy =e Ra=10K,C=0.1F,Vpp=5V | - | 2 | - | - | - | - | % | 
ee 

Drift with Temp (Note 3) VopsOVi oe ee ee Epo 
pate ed | foe 

CS! a Cee 75 SRS BE oe ee 

Drift with Supply (Note3)__ |__| Vp = SV to 15V eS ee eae 
Astable Timing Accuracy =e Ra=Rg=10K,C=0.1uF,Vpp=5V} - | 2 | - | - | - | - | % | 
PEEBES Ue  ee 

Drift with Temp (Note 3) Np) eed amore ppm | 
SL aaa Se FL a a a 

el aS Toe ee eee Be 

Drift with Supply (Note3)_— | [Vpp=SVtotsvV | TOS | - TP os 
FTiveshoidVotage «dt Wen [Voz tev SSSCSCSC~SCi| a | | ot | - | 72 | % VoD 
Trigger Voltage «+d Vima |Vop=t8V——S~S~SiC SC] | | ~*~ COT | VD 
fie chet | |) tg [Vet SC | | Sona 
[TtresholdiCurent tm) Vopat5V0 ee to -  - feooonan || 
Voy [Von = 18¥ ree | a7 | 7 | ot | - | 72 | %Vvo0| 
[Reset Volage ~———*«d~’~ Vast ~|Vop=2voiev—~—=s«ifos] - | tofo2|- [ia] v | 
Co 7 aa ae Ts CS a FT A 
[Discharge Leakage | Ins [Voo=tV——*+i{-'i|-i|of-|-|s0] oa _| 
Vou. [Voo=18Vilanc=20ma df pos op - | - iy v_| 
Vop = 5V, lank = 82m Merde {oa p- [- jos] v 

Vou [Vop=18V, lcounce=08mA __f 143[ 146] - [142] - | - [| v_ 
Von = SV; Isounce = 0.8mA eo pus | - bse] - | - 

canted Geko: on ee 
Vop= 10V, lnc = 160A fost | - p- | - [oe] v_ 

[Supply Voltage (Note 3) | V+ | Functional Oper.———~—=«dgp; 20 | - [to] 30 | - | 160] v_| 
[Output Rise Time (Note 3) | ta | Fi=10M,O,=10pF, Voo=ev_ | - |] -|-|-|-| | 
[Output Fall Time (Note 3) | te | Pu=10M,C,=10pF,Voo=5v_ | - [| 75] -]-|-|-| | 


Oscillator Frequency (Note 3) Vpp = 5V, Ra = 470Q, Rg = 270Q, 
C = 200pF 


NOTES: 

1. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater 
than V+ +0.3V or less than V- -0.3V may cause destructive latchup. For this reason it is recommended that no inputs from external sourc- 
es not operating from the same power supply be applied to the device before its power supply is established. In multiple systems, the 
supply of the ICM7555/6 must be turned on first. 

2. Junction temperatures should not exceed +135°C and the power dissipation must be limited to 20mW at +125°C. Below +125°C power 
dissipation may be increased to 300mW at +25°C. Derating factor is approximately 3mW/°C (7556) or 2mW/C (7555). 

3. These parameters are based upon characterization data and are not tested. 
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Functional Diagram 


RESET OUTPUT 
DRIVERS 


THRESHOLD 
8 ° 
5¢ OUTPUT 
CONTROL 
VOLTAGE 
a 79 DISCHARGE 
TRIGGER A 
RIGGER 1 
R 2 COMPARATOR 
is 
a) 
GND 


NOTE: This functional diagram reduces the circuitry down to its simplest equivalent components. Tie down unused inputs. R = 100kQ, +20% typ. 


TRUTH TABLE 


THRESHOLD 
VOLTAGE TRIGGER VOLTAGE RESET OUTPUT DISCHARGE SWITCH 


es ee) Se TT 
Gai ee BSS es Saeed eee Se 
aie EE i 
Bag asl aa eS 


NOTE: RESET will dominate all other inputs: TRIGGER will dominate over THRESHOLD. 


Typical Performance Curves 


1200 
1100 
1000 


Le a 
yy, 
Fis ES 5S BR ER ee ce ae 


Pert eer 
wag FEE 1 


MINIMUM PULSE WIDTH (ns) 
@ 
S 


SUPPLY CURRENT (ICM7555) (A) 


SUPPLY CURRENT (ICM7556) (A) 


60 
re TT AL a 
Ts Me ia a a i 
100 
ge Fe Ge ae, Oe |S ee wel odd te te | 
0 10 20 30 40 0 2°86 8 10 12 14 16 18 2 
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (%V+) SUPPLY VOLTAGE (V) 
FIGURE 1. MINIMUM PULSE WIDTH REQUIRED FOR FIGURE 2. SUPPLY CURRENT AS A FUNCTION OF SUPPLY 
TRIGGERING VOLTAGE 
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Typical Performance Curves (Continued) 


OUTPUT VOLTAGE REFERENCED TO V+ 


-1.0 0.1 -0.01 
r -0.1 
Ta= 425°C Ht LAL ai 
a 3 Fe BES 
He 


Be arcs Pon iF ok 
ec! cue as, 


-10.0 


OUTPUT SOURCE CURRENT (mA) 


-100 


FIGURE 3. OUTPUT SOURCE CURRENT AS A FUNCTION OF 
OUTPUT VOLTAGE 


OUTPUT LOW VOLTAGE (V) 
FIGURE 5. OUTPUT SINK CURRENT AS A FUNCTION OF 
OUTPUT VOLTAGE 


Me ieee 0 
ya ENS. 
PEE LNG 


z 
z 
ro} 
ei 
Ww 
Q 
> 
oO aa Ra = Reg = 10MQ 
PCT NN 
: NS 
E2 
O Ras Rp = 10h sie 
= 6 
z 
8 
0.1 1.0 10.0 100.0 


SUPPLY VOLTAGE (V) 


FIGURE 7. NORMALIZED FREQUENCY STABILITY IN THE AS- 
TABLE MODE AS A FUNCTION OF SUPPLY VOLTAGE 
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OUTPUT SINK CURRENT (mA) 


OUTPUT LOW VOLTAGE (V) 


FIGURE 4. OUTPUT SINK CURRENT AS A FUNCTION OF 
OUTPUT VOLTAGE 


OUTPUT SINK CURRENT (mA) 
BG a BR 
Ia OEE RSS a aR 


\ 
fe 
He 
LiL 
ct 
a 
ts 
& 


0.01 0.1 1.0 10.0 
OUTPUT LOW VOLTAGE (V) 
FIGURE 6. OUTPUT SINK CURRENT AS A FUNCTION OF 
OUTPUT VOLTAGE 


DISCHARGE SINK CURRENT (mA) 


DISCHARGE LOW VOLTAGE (V) 


FIGURE 8. DISCHARGE OUTPUT CURRENT AS A FUNCTION 
OF DISCHARGE OUTPUT VOLTAGE 
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Typical Performance Curves (Continued) 


PROPAGATION DELAY (ns) 


LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (%V+) 


FIGURE 9. PROPAGATION DELAY AS A FUNCTION OF 
VOLTAGE LEVEL OF TRIGGER PULSE 


CAPACITANCE (F) 


10K 100K 1M 10M 


0.1 1 10 100 1K 
FREQUENCY (Hz) 


FIGURE 11. FREE RUNNING FREQUENCY AS A FUNCTION OF 
Ry, Rg ANDC 


Application Notes 


General 


The ICM7555/6 devices are, in most instances, direct 
replacements for the NE/SE 555/6 devices. However, it is 
possible to effect economies in the external component 
count using the ICM7555/6. Because the bipolar 555/6 
devices produce large crowbar currents in the output driver, 
it is necessary to decouple the power supply lines with a 
good capacitor close to the device. The 7555/6 devices pro- 
duce no such transients. See Figure 13. 


Ra Rg = 10kQ 
, C= 0.1pF 


NORMALIZED FREQUENCY DEVIATION (%) 


TEMPERATURE (°C) 


FIGURE 10. NORMALIZED FREQUENCY STABILITY IN THE AS- 
TABLE MODE AS A FUNCTION OF TEMPERATURE 


Ta = +25°C 


CAPACITANCE (F) 


100n : 10:2 1002 itm 10m 100m 1 10 
TIME DELAY (s) 


FIGURE 12. TIME DELAY IN THE MONOSTABLE MODE AS A 
FUNCTION OF R, AND C 


The ICM7555/6 produces supply current spikes of only 
2mA - 3mA instead of 300mA - 400mA and supply decou- 
pling is normally not necessary. Secondly, in most instances, 
the CONTROL VOLTAGE decoupling capacitors are not 
required since the input impedance of the CMOS compara- 
tors on chip are very high. Thus, for many applications 2 
Capacitors can be saved using an ICM7555, and 3 capaci- 
tors with an ICM7556. 
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Ta = +25°C 


SUPPLY CURRENT (mA) 


TIME (ns) 
FIGURE 13. SUPPLY CURRENT TRANSIENT COMPARED WITH 
A STANDARD BIPOLAR 555 DURING AN OUTPUT 
TRANSITION 


Power Supply Considerations 


Although the supply current consumed by the ICM7555/6 
devices is very low, the total system supply current can be 
high unless the timing components are high impedance. 
Therefore, use high values for R and low values for C in Fig- 
ures 14 and 15. 


Output Drive Capability 


The output driver consists of a CMOS inverter capable of 
driving most logic families including CMOS and TTL. As 
such, if driving CMOS, the output swing at all supply volt- 
ages will equal the supply voltage. At a supply voltage of 
4.5V or more the ICM7555/6 will drive at least 2 standard 
TTL loads. 


Astable Operation 


The circuit can be connected to trigger itself and free run as 
a multivibrator, see Figure 14A. The output swings from rail 
to rail, and is a true 50% duty cycle square wave. (Trip points 
and output swings are symmetrical). Less than a 1% 
frequency variation is observed, over a voltage range of +5V 
to +15V. 


‘~ 1 
~ 4.4RC 


The timer can also be connected as shown in Figure 14B. In 
this circuit, the frequency is: 


f= 1.44/ (Ry, +2R_)C 


The duty cycle is controlled by the values of Ra and Rp, by 
the equation: 


D = (Ra+Rg)/(Rg +2Rp) 


VOLTAGE 


OPTIONAL 
CAPACITOR 


OPTIONAL 
"T CAPACITOR 


FIGURE 14B. ALTERNATE ASTABLE CONFIGURATION 


Monostable Operation 


In this mode of operation, the timer functions as a one-shot, 
see Figure 15. Initially the external capacitor (C) is held 
discharged by a transistor inside the timer. Upon application 
of a negative TRIGGER pulse to pin 2, the internal flip-flop is 
set which releases the short circuit across the external 
capacitor and drives the OUTPUT high. The voltage across 
the capacitor now increases exponentially with a time 
constant t = RaC. When the voltage across the capacitor 
equals 2/5 V+, the comparator resets the flip-flop, which in 
turn discharges the capacitor rapidly and also drives the 
OUTPUT to its low state. TRIGGER must return to a high 
state before the OUTPUT can return to a low state. 


tourput = -In ("/3) RaC = 1.1R,4C 


We 


“{¢) TRIGGER ° 
_fL output 
~ | _ Reset 


CONTROL 


OPTIONAL 


capa les 


V+< 18V 


FIGURE 15. MONOSTABLE OPERATION 
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Control Voltage 


The CONTROL VOLTAGE terminal permits the two trip 
voltages for the THRESHOLD and TRIGGER internal 
comparators to be controlled. This provides the possibility of 
oscillation frequency modulation in the astable mode or even 
inhibition of oscillation, depending on the applied voltage. In 
the monostable mode, delay times can be changed by 
varying the applied voltage to the CONTROL VOLTAGE pin. 


THRESHOLD | 


CONTROL 
VOLTAGE 


GGE 


R = 100kQ + 20% (TYP) 


RESET 


The RESET terminal is designed to have essentially the same 
trip voltage as the standard bipolar 555/6, i.e. 0.6V to 0.7V. At 
all supply voltages it represents an extremely high input 
impedance. The mode of operation of the RESET function is, 
however, much improved over the standard bipolar 555/6 in 
that it controls only the internal flip-flop, which in turn controls 
simultaneously the state of the OUTPUT and DISCHARGE 
pins. This avoids the multiple threshold problems sometimes 
encountered with slow falling edges in the bipolar devices. 


V+ 
p 5 a & 
ew = 


OUTPUT 


® DISCHARGE — 


FIGURE 16. EQUIVALENT CIRCUIT 
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CD Type Ordering Information 


Telecom (CD Series) PRODUCT FLOW 
Telecom ICs are available in a wide variety of package 
designs. These packages are identified by suffix letters ve 


indicated in the chart below. When ordering Telecom 
devices, it is important that the appropriate suffix letter be 
affixed to the type number as indicated on the price sched- 
ule. 


ee 
[Buatitne Coane seobam iti 
[oestntnePasis CdS 
[PesicteedChpcane iT 
[Srat Oune GOC)P aie iS 


Extra Value Screening 


Telecom product with extra value screening has an X added 
to the standard type number in the price list, and is also 
branded as such. A white dot will indicate location of Pin 1. 


Example: 


A CD22100E with Extra Value screening is designated 
CD22100ExX in the price list. It is branded CD22100EX plus 
a white dot at pin number 1. 


100% BURN-IN 
160 HR. 

AT +125°C OR 

EQUIVALENT 


100% PARAMETRIC 
AND FUNCTIONAL 
TESTS AT +25°C 


SAMPLE 
PARAMETRIC 
AND FUNCTIONAL 
TESTS AT +25°C 
AQL = 0.025% 


ENHANCED 
PRODUCT 


[-_] PRODUCTION STATE OR PROCESS 


© QUALITY ASSURANCE STEP 
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CD22100 


CMOS 4 x 4 Crosspoint Switch with Control Memory 


March 1993 
Features 
e Low ON Resistance.......... 75Q Typ. at Vop = 12V 
e “Built-in” Control Latches 
e Large Analog Signal Capability............... tVpp/2 


¢ 10MHz Switch Bandwidth 


Matched Switch Characteristics ARoy = 18Q Typ. at 
Vpp = 12V 


High Linearity - 0.5% Distortion (Typ.) at f = 1kHz, Vy = 
5Vp.p, Vop = 10V, and R, = 1kQ 


Standard CMOS Noise Immunity 
100% Tested for Maximum Quiescent Current at 20V 


Ordering Information 


jin | “ance | excence 
NUMBER RANGE 


High-Voltage Type (20V Rating) 


Description 


CD22100 combines a 4 x 4 array of crosspoints (transmis- 
sion gates) with a 4-line to 16-line decoder and 16 latch 
circuits. Any one of the sixteen transmission gates (cross- 
points) can be selected by applying the appropriate four line 
address. The selected transmission gate can be turned on or 
off by applying a logical one or zero, respectively, to the data 
input and strobing the strobe input to a logical one. Any 
number of the transmission gates can be ON simultaneously. 
When the required operating power is applied to the 
CD22100, the states of the 16 switches are indeterminate. 
Therefore, all switches must be turned off by putting the 
strobe high and data in low, and then addressing all switches 
in succession. 


Pinout Functional Diagram 
CD22100 
(PDIP) DATA 
TOP VIEW STROBE _IN 
07 « 015 
Yi 
X2 Vpp ——~ 
DATA IN Yi 6 er 
rf 014 
c Y2 Q a i Y2 
D x4 rf —— Fo 
B x3 SO 4 
” z 510 
A v4 Me ae g Y3 
STROBE Y3 S o-=¢ SS een ee, 
<qi3c ——— Oo 
Vss x1 2 © 011 
i ‘ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications CD22100 


Absolute Maximum Ratings 


Supply Voltage 

(Voltages Referenced to Vss Terminal) ........... -0.5 to +20V 
Input Voltage (All Inputs) ................... -0.5 to Vpp +0.5V 
Input Current (Any one input (Note 1)).................... +10mA 
Power Dissipation 

For T, = -40°C to +60°C (Package Type E) ........... 500mW 

For T, = +60°C to +85°C 

(Package Type E)........ Derate Linearly 12mW/C to 200mW 

For T, = -55°C to +100°C (Package Type D, F) ........ 500mW 

For Ta = +100°C to +125°C 

(Package Type D, F)...... Derate Linearly 12mW/C to 200mW 


Device Dissipation per Transmission Gate 


For T, = Full Package Temperature Range (All Types) ..... 100mWw 
Junction Temperature. 20.0... cece eee cee cece eens +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)........... 00000. +300°C 


Recommended Operating Conditions 


Operating Temperature Range 

Package Type DandF ................. -55°C < Ty $ +125°C 

oo 83) 2 ee error re -40°C < Ty < +85°C 
Storage Temperature Range............... -65°C < Ty < +150°C 
Supply Voltage Range 

For T, = Full Package Temperature Range............. +3V to +18V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications Values at -55°C, +25°C, +125°C Apply to D, F, H Packages 
Values at -40°C, +25°C, +85°C Apply to E Package 


CROSSPOINTS 


Quiescent Device 
Current 


tenia 
ARon Resistance Cs 


lop Max. 


CONTROLS 
Input Low Voltage 


Vit Max. | OFF switch 


Input High Voltage 


Input Current Paine 


NOTES: 
1. Maximum current through transmission gates (switches) = 25mA. 


Any control 
Vin = 0, 18V 


LIMITS AT INDICATED a 


Vop 
PARAMETERS SYMBOL (V) 


5 


—s 
3 


OFF Switch Leakage |, Max. | All switches i +1000 
Current OFF, Vis = 18V 


ee 


“I 
oi 


+ oO 
—_ He a | . 
So = gi 


EERE! ETT PE fi 
*lsldll-tL | #llelel lobe sisi 


2. Determined by minimum feasible leakage measurement for automatic testing. 
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Dynamic Electrical Specifications T, = +25°C 


TEST CONDITIONS oT a 


CROSSPOINTS 
tout» teu Tha 
Frequency Response (ry BOE ca 
switch ON) Vv 
Sine wave input, 20 oy = -3dB 


Sine Wave Response 
(Distortion) 
Feedthrough (All switches OFF) For 


Frequency for Signal Crosstalk 
Attenuation of 40dB 


Propagation Delay Time, 
(Switch ON) Signal Input to 
Output 


9° 


%o 


q" 
a 


O (@) 
73 


Sine wave input 


Sine wave input 


Attenuation of 110dB 
Capacitance: 
Xn to Ground 
Yn to Ground 
Feedthrough 
CONTROLS 

Propagation Delay Time: 


Strobe to Output 
(Switch Turn-ON to High 
Level) 


Bo) 
nT Tn 


oO 


5 
” 
=o 
nN 


Propagation Delay Time: tezy 
Data-In to Output 
(Turn-On to High Level) 

Propagation Delay Time: 


Address to Output 
(Turn-ON to High Level) 


tezH 
Propagation Delay Time: tpyz 
Strobe to Output 
(Switch Turn-OFF) 


Propagation Delay Time: tz, 


Data-In to Output 
(Turn-ON to Low Level) 


ae 


Noi nN 


7 


oO 


Propagation Delay Time: tpyz 870 
Address to Output | 420 
(Turn-OFF) ae 
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Specifications CD22100 


Dynamic Electrical Specifications T, = +25°C (Continued) 


RARE 
(Note 1) 


Minimum Setup Time 
Data-in to Strobe, Address 
Minimum Hold Time 
Data-In to Strobe, Address 


| 
=) 


Control Crosstalk, Data-In, 
Address or Strobe to Output 


ta, te = 20ns 
aes 


Any Control input 


on 
Pi 
tn 


Input Capacitance 
NOTE: 
Vop 


1. Peak-to-peak voltage symmetrical about a 
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Schematic Diagram 


STROBE DATA IN 
> 7 > 2 


" Y Y 


00 D> 


: 
He 
= 


TO OTHER DECODER 
GATES/LATCHES 


DETAIL OF LATCHES 


2 ar 
[ty | |e 
Pai 


re} 
“4 3 ‘amiss 
15 
¥ 1 12 13 
x1 X2 X3 X4 


A 

A 
A 

= ENABLES DATA at 
ca ! 

B 
c 

Cc 
Cc 

a 
D 

, 


DETAIL OF TRANSMISSION GATES 


Vss 
V6 Voo IN Vop 
* INPUTS PROTECTED — 
BY COS/MOS 
PROTECTION , 
NETWORK Q 
OUT 
Vss 
Vss 
TRUTH TABLE 


oye Te [ey aero | eyo | | ne 
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CD22100 


Metallization Mask Layout 


——— “ 


Hh | 

Hit 

HU, i 
1} 


0 0 20 3% 40 50 6 70 80 90 100103 
esee ae aie || 
120 — aaa cy = ——s 

F — Ae SA 
ili if) aft) TAA ay iy alll 
1o— HHH WI) | il mtn LR 
: 4 I eanam Wie RON 
Ht | | Wh 
100 —— . A} | if j 
Ih 
-133 


ba ! j 
Hy ya , 
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t “tl Ht | Ae 
. Wa | 
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Hh ye pi 
{ , | it 
Lin 
| | hs fy 1 
fe 
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' ' q i 
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125-1 
(3.175- 3.378) 


= 


— ic os - ad 
=} (C He ——= f= 
—= (—— ——— 3) 
i : =| a ~} U = 
rt —— - = “=7 
= =) = = 
— Pils rat x 
nore hs — - 
——= = A —-= i 
c ——St 39 hee 
Hi 
IZ 
= r- _——— 


{ Rae Nord M9 
Di =e : (AV) (oats at | 
UNH (Cal raven elon 
HAT) | Ufa tr il : 
We | Link 


g Wey 


EE UU) ace ad 
4-10 
(0.102-0.254) 
(2.540-2.743) 


10 
0 


Dimensions in parenthesis are in millimeters and are derived 
from the basic inch dimensions as indicated. Grid graduations 
are in mils (10° inch). 


Test Circuits and Waveforms 


Watatatstatsls 


Vss = 
FIGURE 1. QUIESCENT CURRENT TEST CIRCUIT 


aatalatatate = 


Vss + 


Vpp 


Vss NOTE: 
MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH Vpp AND Vgs 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vss 


Vss —L 


FIGURE 2. INPUT CURRENT TEST CIRCUIT 


FIGURE 3. OFF SWITCH INPUT OR OUTPUT LEAKAGE CURRENT TEST CIRCUIT 
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Test Circuits and Waveforms (continued) 


misail 


POWER DISSIPATION PER PACKAGE (.W) 
% 
Ta 


BS as” ea Ya i 
AA 
| LALA LW Ld rs 


10? 10° 104 10° 10° 


NOTE: 
CLOSE SWITCH S AFTER APPLYING Vpp SWITCHING FREQUENCY (Hz) 
FIGURE 4. DYNAMIC POWER DISSIPATION TEST CIRCUIT AND TYPICAL DYNAMIC POWER 
DISSIPATION AS A FUNCTION OF SWITCHING FREQUENCY 


CONTROLS 


Vis Vos 
1kQ 10kQ 


SW = ANY CROSSPOINT 
STROBE = DATA - IN = Vpp = = 
SW = ANY CROSSPOINT 


More 50% ae 

0 4 +: CONTROL Tee 
tpLH P 

° Vos somv — 


FIGURE 5. PROPAGATION DELAY TIME TEST CIRCUIT AND FIGURE 6. TEST CIRCUIT AND WAVEFORMS FOR 
WAVEFORMS (SIGNAL INPUT TO SIGNAL OUT- CROSSTALK (CONTROL INPUT TO SIGNAL 
PUT, SWITCH ON) OUTPUT) 


Ta = +25°C 


= 
Oo 
oO 
uu 
od 
uu 
- 


-20 Vpp = +10V 
Vis = 10Vp.p SINE WAVE 
3 C, = 50pF 
il -40 | RL = 1kQ 
Qin 
ON Bi an ays Guill 
3 iW 
Vis & TY aia 
-80 
: 4 
a ae eer ea 
SW = ANY CROSSPOINT 1kQ & 


oles -120 
ss = C 


10° 104 108 


INPUT SIGNAL FREQUENCY (Hz) 


FIGURE 7. TEST CIRCUIT AND TYPICAL CROSSTALK BETWEEN SWITCH CIRCUITS IN 
THE SAME PACKAGE AS A FUNCTON OF SIGNAL FREQUENCY 
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CD22100 


Test Circuits and Waveforms (continued) 


tw tw 
Vpp 
DATA-IN 
. ee yon fl fel be 
V ts ts 
e Vpp ———. th tH 
Vis ¢ Vos DATA-IN 0 
tpzH 
50pF Yoo 
Vv 
SW = ANY CROSSPOINT = case” =e 
tpHz 
FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 
DATA-IN 
Vpp Beets Vpp 
Vop DATAAIN 50% DATA-IN 50% 
0 
0 
~< t 
Vis Vos i tpzH Vv sa 
Vpp 7 Vpp —— - 90% 
os 
1kQ 50pF Vos 10% 
0 sities 0 enpindl 
SW=ANYCROSSPOINT == 
STROBE = Vpp 
FIGURE 9. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 
Vv 
ADDRESS = 0 ADDRESS = 1 ADDRESS 
Vop Vpp 
Vop 
DATA-IN 
Vis Vos1 Vis Vos2 . 
; Vos1 
1kQ 50pF 1kQ 50pF 
SW=ANYCROSSPOINT = = Vos2 
STROBE = Vpp 


FIGURE 10. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 
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CD22100 


Typical Performance Curves 


SWITCH “ON” RESISTANCE (Q) 


4 3 -2 = -1 0 1 2 3 4 
INPUT SIGNAL (V) 


FIGURE 11. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vpp = -Vsg = 2.5V 


150 


125 


SWITCH “ON” RESISTANCE (Q) 
~ 3 
a so 


INPUT SIGNAL (V) 


FIGURE 13. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vpp = -Vgs = 7.5V 


Ta = +25°C 


OUTPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 


FIGURE 15. TYPICAL SWITCH ON TRANSFER CHARACTERIS- 
TICS (1 OF 16 SWITCHES) 


tera | bee 


150 


125 


3 8 


SWITCH “ON” RESISTANCE (Q) 
S 


10 -75 5 -2 
INPUT SIGNAL (V) 


FIGURE 12. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vpp = -Vss = 5V 


SWITCH “ON” RESISTANCE (Q) 


10 -75 5 25 0 25 5 75 10 
INPUT SIGNAL (V) 


FIGURE 14. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT T, = +25°C 


Ta = +25°C, Vop = +5V, Vsg = SV 
Vis = 5Vp.p = SINE WAVE 1.77Vaus 
C, = 15pF 

VpATA-IN = +5V 


ae 
2) 
O 
uu 
and 
Lu 
= 


Pp 
a 


a 
. 
oa 


RF VOLTMETER 
BOONTON RADIO 
MODEL 91-CA 

OR EQUIV. 


OUTPUT SIGNAL (Vos) RMS (V) 


0.5 


INPUT SIGNAL FREQUENCY (Hz) 


FIGURE 16. TYPICAL SWITCH ON FREQUENCY RESPONSE 
CHARACTERISTICS 
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HARRIS CD22101, CD22102 


CMOS 4 x 4 x 2 Crosspoint Switch 
with Control Memory 


March 1993 
Features Description 
e Low ON Resistance........... 75V Typ. at Vpp = 12V CD22101 and CD22102 crosspoint switches consist of 4 x 
“ , 4 x 2 arrays of crosspoints (transmission gates) with a 4- 
¢ “Built - In” Latched Inputs 
P line to 16-line decoder and 16 latch circuits. Any one of the 
¢ Large Analog Signal Capability............... tVpp/2 sixteen crosspoint pairs can be selected by applying the 
¢ Switch Bandwidth ..........c0cccccecececs 10MHz appropriate four-line address, corresponding crosspoints in 


¢ Matched Switch Characteristics ARoy = 8Q Typ. at Vpp = 12V 


High Linearity - 0.25% Distortion (Typ.) at f = 1kHz, Viy = 
5Vp-p, Vop - Vss = 10V, and Ri = 1kQ 


¢ Standard CMOS Noise Immunity 


Applications 

¢ Telephone Systems 

¢ PBX 

¢ Studio Audio Switching 

¢ Multisystem Bus Interconnect 


Ordering Information 


NUMBER RANGE 


each array are turned on and off simultaneously. Any num- 
ber of crosspoints can be turned on simultaneously. 


In the CD22101, the selected crosspoint pair can be turned 
on or off by applying a logical ONE or ZERO, respectively, 
to the data input, and applying a ONE to the strobe input. 
When the device is “powered up”, the states of the 16 
switches are indeterminate. Therefore, all switches must 
be turned off by putting the strobe high, data-in low, and 
then addressing all switches in succession. 


The selected pair of crosspoints in the CD22102 is turned 
on by applying a logical ONE to the Kg (set) input while a 
logical ZERO is on the Kg input, and turned off by apply- 
ing a logical ONE to the Kg (reset) input while a logical 
ZERO is on the Kg input. In this respect, the control 
latches of the CD22102 are similar to SET/RESET flip- 
flops. They differ, however, in that the simultaneous appli- 
cation of ONE’s to the Ka and Kg inputs turns off (resets) 
all crosspoints. All crosspoints in both devices must be 
turned off as Vpp is applied. 


Pinouts 
CD22101 CD22102 
24 LEAD (PDIP, CDIP) 24 LEAD (PDIP, CDIP) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Functional Diagram 
CONTROL IN (OUT) 
Serie’ py Vea 


OUT (IN) 
OUT (IN) 


4X4 
SWITCH 


ADDRESS 


me a pace? 
IN (OUT) 


File Number 2871.1 


Specifications CD22101, CD22102 


Absolute Maximum Ratings 


Recommended Operating Conditions 


Supply Voltage (Vpp) Operating Temperature Range 
(Voltages referenced to Vsgg Terminal)............ -0.5 to +20V Packtion Wwe ©, Foc. ia... cence cece -55°C < Ts $ +125°C 
Input Voltage (All Inputs) ......... 66. . ee eee -0.5 to Vpp +0.5V PUCRGOG TOG Bikes 5c dac nese cee ees -40°C < Ty, < +85°C 
Input Current (Any One Input) (Note 1) ................08. +10mA Storage Temperature Range............... ~65°C < Ta s +150°C 
Power Dissipation Supply Voltage Range 
For T, = -40°C to +60°C (Package Type E) ........... 500mW For T, = Full Package Temperature Range............. +3V to +18V 
For T, = +60°C to +85°C 
Package Type E)........ Derate Linearly 12mW/C to 200mW 
For T, = -55°C to +100°C (Package Type D, F)........ 500mW 
For Ta = +100°C to +125°C 
(Package Type D, F)..... Derate Linearly 12mW/C to 200mW 
Device Dissipation per Output Transistor 
For T, = Full Package Temperature Range (All Types) ..... 100mW 
SESICTION SQITIOOIEIUNG sc Siok os os Rane cae c ch oe eg ves stake +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)...........0-005- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications Values at -55°C, +25°C, +125°C Apply to D, F, H Packages 
Values at -40°C, +25°C, +85°C Apply to E Package 


LIMITS AT INDICATED TEMPERATURES 
Vv +25°C 
DD 
PARAMETERS SYMBOL (V) +85°C | +125°C 


ialolaia ll: 


CROSSPOINTS 


Quiescent Device 
Current 


Aon Resistance Between any two 
switches 


OFF Leakage Current Allswitches 


OFF switch I, < 0.2HA 


Nh 
o 


~ be 
oi 

H+ 

ok 


i=) 
o 
oO 


ol oO 
eS 
et 
oO 
ie 8 


Input Low Voltage Vi Max. 


Input High Voltage ON switch see Ron 


characteristic 
Input Current Any control +0.1 +1 +1 
Vin = 0, 18V 
NOTE: 
1. Maximum current through transmission gates (switches) = 25mA. 


2. Determined by minimum feasible leakage measurement for automatic testing. 


Vin Min. 


i+ 
ad 
—_ 


H+ 

_ 

be 
on 
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Specifications CD22101, CD22102 


Dynamic Electrical Specifications T, = +25°c 


Vis (V) Vop 
PARAMETERS (Note 3) (Vv) TYP 


CROSSPOINTS 
a Fe CR i 


Propagation Delay Time, (Switch 
lea a fe ee ES EE Ee ee 
aM eo NG eT 


C, = 50pF; tp , te = 20ns 


unoy Resor (Any oi SERIE ie fe 
ON) 7 
OS 
Sine wave input, 20 log oF -3dB 
is 


Sine Wave Response (Distortion) THD pe os Srips San organ 
ok. Prac) othe 15 Buta 
eee eo ee 

Feedthrough (All switches OFF) Fase ml eee 2 (Note 4) 

Sine wave input 


Frequency for Signal Crosstalk For Pe 6 oe 1 (Note 4) 
Attenuation of 40dB 
Attenuation of 95dB 


Capacitance: 


Xn to Ground 


Yn to Ground 
Feedthrough 


Propagation Delay Time: High 
Impedance to High Level or Low 
Level 


Strobe to Output, CD22101 


Data-in to Output, CD22101 


tpzy, tpz, Ry = 1kQ, C, = 50pF, 
ta , te = 20ns 


Ri, = 1kQ, C, = 50pF, 
ta , te = 20ns 


Ka to Output, CD22102 


Address to Output 
CD22101, CD22102 


R, = 1kQ, C, = 50pF, 
tk , te = 20ns 
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Specifications CD22101, CD22102 


Dynamic Electrical Specifications T, = +25°C (Continued) 


TEST CONDTIONS ars 
R. Vis (V) Vop 
PARAMETERS (kQ) | (Note3)} (Vv) TYP 


CONTROLS (Continued) 


Propagation Delay Time: High Level | tpyz, tpyz R, = 1kQ, C, = 50pF, 
or Low Level to High Impedance ta, te = 20ns 


Strobe to Output, CD22101 


3 
So 


R, = 1kQ, C, = 50pF, 
ty , te = 20ns 


Kg to Output, CD22102 
Data-In to Output, CD22101 
K, © Kg to Output, CD22102 
Address to Output teyz, teiz 
CD22101, CD22102 

Minimum Strobe Pulse Width, 

CD22101 

Address to Strobe Setup or Hold tsy, ty 
Times, CD22101 

Strobe to Data-In Hold Time, tue tH 
CD22101 


Ry, = 1kQ, Cc. = 50pF, 
ta , tt = 20ns 


Ri. = 1kQ, C, = 50pF, 
ta , tt = 20ns 


R, = 1kQ, C, = 50pF, 
ty , te = 20ns 


R, = 1kQ, C, = 50pF, 
ta, te = 20ns 


R, = 1kQ, C, = 50pF, 
ta , te = 20ns 


R, = 1kQ, C, = 50pF, 
te , te = 20ns 


Ry = 1kQ, C, = 50pF, 
ta , tg = 20ns 


Address to Ky and Kg Setup or Hold | tsy, ty 
Times, CD22102 

Minimum Kg ¢ Kg Pulse Width 

CD22102 

Minimum K, Pulse Width, CD22102 ne 
Minimum Kg Pulse Width, CD22102 


R, = 1kQ, C, = 50pF, 
te , te = 20ns 


oi 
~“ 
a 


Ry, = 1kQ, C, = 50pF, 
ta , tt = 20ns 


ell 
N 
oi 


R, = 1kQ, C, = 50pF, 
ta , te = 20ns 


on 
N 
Oo 
oS Oo 


3 
i=) 


= 
oO 
O 
a 
uJ 
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Specifications CD22101, CD22102 


Dynamic Electrical Specifications 1, = +25°C (Continued) 


Control Crosstalk, Data-in, Address 
NOTE: 


TEST Syarricnos TAESTCONDTIONS 
ec re Tan S 
PARAMETERS ty ae TYP 
or Strobe to Output 
= 
3. Peak-to-peak voltage symmetrical about ——_, unless otherwise specified. 


CONTROLS (Continued) 
a Fe (peak) 
Square wave input = 5V, 
wae Rg = 1kQ 
Input Capacitance 
2 
4. RMS 


Functional Block Diagram 


SIGNALS 
OUT (IN) 
2 
A 
LATCHES 
* 
B 
ADDRESS 
* 
c 
Y1’ 
J 
D 
; ’ 
Y2 
‘ SIGNALS 
Vpp ; OUT (IN) 
: } Y3’ 
, 
‘ 
; 
* INPUTS PROTECTED ‘ 
BY COS/MOS ‘ ya’ 
PROTECTION ; 
NETWORK ; 
‘ 
s 


Vss x1’ X2’ X3’ x4’ 
SIGNALS IN (OUT) 
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CD22101, CD22102 


Schematic Diagram 


* STROBE * DATAIN 
9 13 9 14 


vo 


(4) 
2 (v2) 


\/ \ / TO X1’ Y1’ 
re Ac DQ : 
ere LSU | | Seg a Of 
* = . Y2 
A TO 15 OTHER TO 15 OTHER : a 
NANDS LATCHS : — mal . 
7 ee een 
; 7] CD22101 a 7 ay Sys (v3) 
“I 
| 8 
9 
1 Hawai we al Ww 


ah ek oh oh 
Ci WP 


X3 XS 


TO 15 OTHER 
LATCHS DETAIL OF TRANSMISSION GATES 
{2 Oe > CD22102 Vpop IN Vpp 
Vss 7 . 
DETAIL OF LATCHES — | 
Vpo c= 
* INPUTS PROTECTED ; ac 
BY COS/MOS I 
PROTECTION ¢ : OUT 
NETWORK 
Vss 
Vss 


DECODER TRUTH TABLE 


ADDRESS 


foros os ma 
0 [0 [0 | 0 | xivienaxryr| 0 [0 [0 [1] xtvaanaxrvar_ 
[0 Prev enaxeyr | 1 
[0 ravi enaxsyr | 0 
To [xavi enaxeve | 1 
[0 [xivaenaxrve | 0 
[0 [eave ana | 1 
a a 
oo ae 


X3Y2 and X3’Y2’ 


X4Y2 and X4’Y2’ 


femoee hte Gm aes akon Be 
Ps eee lars of decieBsica 
ee Geb Maan ie at 
Ree ree ieee! i ee cia 
er Fine. ed (ae Se 
Bods) Coens Sodas bao he 
Seton ee Se iene Soler 
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CD22101, CD22102 


CONTROL TRUTH TABLE FOR CD22101 


2... ae 
pvcron [HTT eo amose | owe | sauce 


ES A CCD 
smn a Pf] | 0 | v5 vay ana 1 eve 
lee Ay rite] et ye | * YL eee 


1 = High Level 0 = Low Level X = Don’t Care 


CONTROL TRUTH TABLE FOR CD22102 


FUNCTION keto oy. | SELECT 


eomionGncc | Poy bidet | tt | tp ie pava end topes 
Kin li 8 ie AS VR ies A i ee 
Cys ie me il Mia OY es vv all 
Off (Note 5) 

wocneriest | ee KX | key oe | le 

1 = High Level 0 = Low Level X = Don't Care 


NOTE: 


5. Inthe event that K, and Kg are changed from levels 1, 1 to 0, 0 Kg should not be allowed to go to 0 before K,, 
otherwise a switch which was off will inadvertently be turned on. 


Metallization Mask Layout 


—e 102-0.254) 
153 — 16) 
(3.887- 4.089) 


(0. 102 ao 254) 
153-16) 
(3.887- 4.089) 


Dimensions in parenthesis are in millimeters and are derived 
from the basic inch dimensions as indicated. Grid graduations 
are in mils (10° inch). 
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CD22101, CD22102 


Test Circuits and Waveforms 


ul 
; 
bi 
o 
Ss. 
G 
Oo 
Oo 
0 
it 
2 


NOTE: 
MEASURE INPUTS SEQUENTIALLY TO BOTH Vpp AND Vgs 
CONNECT ALL UNUSED INPUTS TO EITHER Vpp OR Vss 


FIGURE 2. INPUT CURRENT TEST CIRCUIT 


500uF = 


Ql 


Q2 
CLK Q3 


CLK 


22 
Q4 


oe Fel 


POWER DISSIPATION PER PACKAGE (y.W) 


ea eel 


Weateatcatesiaaa 


{ges 


reel 


at Sie 
12 13 | 10? = oe eee i rams an on os a 3 ane GaN Ese 
ea Biles os mE 5 a A 
smn e aie sage 
secesar 4 

Vss = 2ko ry CCA AT ee, 
NOTE: 10? 10° 104 410° 10° 407 
CLOSE SWITCH S AFTER APPLYING Vpp SWITCHING FREQUENCY (Hz) 


FIGURE 3. DYNAMIC POWER DISSIPATION TEST CIRCUIT FOR CD22101AND TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF SWITCHING FREQUENCY 
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CD22101, CD22102 


Test Circuits and Waveforms (continued) 


Vpp 
ON 
Vis Vos 
we 
ae, 10kQ 50pF 
3 | ae 
4 2 i 
5 a 
6 | 19) SW = ANY CROSSPOINT 
~ 434 STROBE = DATA - IN = Vop 
7 
o Te 
2 | Yo 
10 es Vis 50% 50% 
a= = ae teu 
12 13) Voo tPHL 
ee | Voe 50% 50% 
0 
— Vss 
FIGURE 4. OFF SWITCH INPUT OR OUTPUT LEAKAGE FIGURE 5. PROPAGATION DELAY TIME TEST CIRCUIT AND 
CURRENT TEST CIRCUIT (16 OF 32 SWITCHES) WAVEFORMS (SIGNAL INPUT TO SIGNAL 
OUTPUT, SWITCH ON) 
tw |~< 
Vpp 
DATA-IN Renee aaa oo 
STROBE 0 
Vop vee ts 
Vis Vos DATAIN 5 
-t 
50pF ae 
Vpp 
Vv 
SW = ANY CROSSPOINT — ae * cake 
tpHz 
FIGURE 6. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 
DATA-IN 
Vop -—— Vpo 
Voo DATA-IN 50% DATA-IN ; 50% 
0 
i 
Vis Vos tas tem y ms fpzL 
Vpop Vop ~— 90% 
1kQ 50pF Vos Vos 
10% 
0 ae 0 _— 
SW=ANYCROSSPOINT == 
STROBE = Vpp 


FIGURE 7. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 
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CD22101, CD22102 


Test Circuits and Waveforms (continued) 


ADDRESS = 0 ADDRESS = 1 
Vpp Vpp 
Vis Vosi Vis 
1kQ 50pF 1kQ 
SW=ANYCROSSPOINT = 
STROBE = Vpp 


Vv ——— 
ADDRESS ‘ 50% 
_— 
Vpp 
DATA-IN 
Vos2 
—< tpzH 
Vpop — 
Vos 
50pF 
Vpp 
= Vos2 


FIGURE 8. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 


STROBE 


tsu 


50% 
ADDRESS 


OUTPUT OF SWITCH 
ADDRESSED 


NOTE: 

IF SETUP AND HOLD TIMES PROVIDED ARE TOO SHORT, 
AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF 
SIMULTANEOUSLY WITH THE ADDRESSED SWITCH 


FIGURE 9. ADDRESS TO STROBE SETUP AND HOLD TIMES 


CONTROLS 


X (N) Y (N) 


SW = ANY CROSSPOINT 


NOTE: 

SET ALL SWITCHES TO OFF INITIALLY APPLY VDD 

TO ALL X INPUTS AND RETURN ALL Y OUTPUTS TO 

VSS THROUGH 1kQ. ADDRESS X1Y2 (ABCD) WITH fy = 10kHz 


FIGURE 10. STROBE TO DATA-IN HOLD TIME t,, FOR CD22101 


Vpp — 
CONTROL 0 | | | 
75mV — 


FIGURE 11. TEST CIRCUIT AND WAVEFORMS FOR CROSSTALK (CONTROL INPUT TO SIGNAL OUTPUT) 
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CD22101, CD22102 


Test Circuits and Waveforms (continued) 


= dB 


ON 


Qin 

2° ie 
Vis OFF 3 
6002 6002 & 
Vos “ 
——— om ad 
= - 6002 6002 < 
” 
SW = ANY CROSSPOINT — — 3 
oO 


INPUT SIGNAL FREQUENCY (Hz) 


FIGURE 12. TEST CIRCUIT AND TYPICAL CROSSTALK AS A FUNCTION OF FREQUENCY BETWEEN SWITCH CIRCUITS IN THE 
SAME PACKAGE 


Ta = +25°C 


dB 


Y!l ww 
= 2 
3 
R 
o 
Vos 3 
ISOLATION (dB) = 20LOG y 
is = 
a 
WwW 
ie 


10? 10° 104 10° 10® 107 
INPUT SIGNAL FREQUENCY (Hz) 


FIGURE 13. TEST CIRCUIT AND TYPICAL FEEDTHROUGH AS A FUNCTION OF FREQUENCY (ANY OFF SWITCH) 
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CD22101, CD22102 


Typical Performance Curves 


g S 
w 300 w 
E 5 
a o 
7) 7) 
tc 200 a : = 
pee chs a,* 5 
3 = |Z x 
5 5 
Fes 5 
” o” 
50 
0 
-2 “1 0 1 2 
INPUT SIGNAL (V) INPUT SIGNAL (V) 
FIGURE 14. TYPICAL ON RESISTANCE AS A FUNCTION OF FIGURE 15. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vopp = -Vgg = 2.5V INPUT SIGNAL VOLTAGE AT Vpp = -Vgg = 5V 
100 
Vpp = +7.5V, Vgg = -7.5V 
g oes Ta = +125°C ¢ 
8 75 om i Ee ao rs} 
; see 
” 
50 Fd 
s & 
ot bo 
O © 
E 25 
: : 
0 
INPUT SIGNAL (V) INPUT SIGNAL (V) 
FIGURE 16. TYPICAL ON RESISTANCE AS A FUNCTION OF FIGURE 17. TYPICAL ON RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE AT Vpp = -Vsg = 7.5V INPUT SIGNAL VOLTAGE AT T, = +25°C 
Ta =+25°C 9 Vpp = +5V, Vgg = -5V = 
Vis = 5Vp-p = SINE WAVE 1.77Vaus © 
Se Ci = 15pF 
$ = a5 |VDATAIN = +5V ro 
lu 
: : 
5 @ 1.5 
a. 77) 
hve 
> 5 
re) & 1 
3 BOONTON RADIO 
0.5 MODEL 91-CA 
OR EQUIV. 
0 
INPUT VOLTAGE (V) INPUT SIGNAL FREQUENCY (Hz) 
FIGURE 18. TYPICAL SWITCH ON TRANSFER FIGURE 19. TYPICAL SWITCH ON FREQUENCY RESPONSE 
CHARACTERISTICS (1 OF 16 SWITCHES) CHARACTERISTICS 
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FiARRIS 


SEMICONDUCTOR 


CD22103A 


CMOS HDB3 (High Density Bipolar 3) Transcoder 
for 2.048/8.448 Mb/s Transmission Applications 


ao 


March 1993 


Features 


¢ HDB3 Coding and Decoding for Data Rates from 
50Kb/s to 10Mb/s in a Manner Consistent with 
CCITT G703 Recommendations 


¢ HDB3/AMI Transmission Coding/Reception 
Decoding with Code Error Detection is 
Performed in Independent Coder and Decoder 
Sections 


e All Transmitter and Receiver Inputs/Outputs are 
TTL Compatible 


e Internal Loop Test Capability 


¢ Pin and Functionally Compatible with Type 
MJ1471 


Ordering Information 
PART TEMPERATURE 
NUMBER RANGE 
CD22103AD | -55°C to +125°C | 16 Lead Ceramic Side- 
braze DIP 


CD22103AE | -40°C to+85°C | 16 Lead Plastic DIP 


Description 


The CD22103A is an LSI SOS integrated circuit which performs the 
HDB3 transmission coding and reception decoding functions with error 
detection. It is used in 2.048Mb/s and 8.448Mb/s transmission applica- 
tions. The CD22103A performs HDB3 coding and decoding for data 
rates from 50Kb/s to 10Mb/s in a manner consistent with CCITT G703 
recommendations. 

HDB3 transmission coding/reception decoding with code error detection 
is performed in independent coder and decoder sections. All transmitter 
and receiver inputs/outputs are TTL compatible. 


The HDB3 transmitter coder codes an NRZ binary unipolar input signal 
(NRZ-IN) and a synchronous transmission clock (CTX) into two HDB3 
binary unipolar RZ output signals (+HDB3 OUT, -HDB3 OUT). The TTL 
compatible output signals +HDB3 OUT, -HDB3 OUT are externally mixed 
to generate ternary bipolar HDB3 signals for driving transmission lines. 


The receiver decoder converts binary unipolar inputs (+HDB3 IN, -HDB3 
IN), which were externally split from ternary bipolar HDB3 signals, and a 
synchronous clock signal (CRX) into binary unipolar NRZ signals (NRZ- 
OUT). 


The CD22103A operates with a 5V +10% power supply voltage over the 
full military temperature range at data rates from 50Kb/s up to 10Mb/s. 


Pinout Block Diagram 
CD22103A 
(PDIP, CDIP) HDB3/AMi 
TOP VIEW 
i foal ait 
NRZ-IN CODER -HDB3 OUT 
be rs CKR 
LTE 
+HDB3 IN 
NRZ-OUT 
-HDB3 IN 
CRX —t 
ERROR 
we — . 
Ais 
Sama AIS 
RAIS DETECT 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 31 0 2 


Copyright © Harris Corporation 1993 
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Specifications CD22103A 


Absolute Maximum Ratings 


Supply Voltage (Vpp) 

(Voltages referenced to Vsg Terminal)............. -0.5 to +8V 
Input Voltage (All Inputs) ............02 ee eee -0.5 to Vpp +0.5V 
Input Current (Any One Input) .................. cc eee eee +10mA 
Power Dissipation 

For T, = -40°C to +60°C (Package Type E) ........... 500mW 

For T, = +60°C to +85°C 

(Package Type E)........ Derate Linearly 12mW/C to 200mW 
For T, = -55°C to +100°C (Package Type D).......... 500mW 
For Ty = +100°C to +125°C 

(Package Type D)........ Derate Linearly 12mW/C to 200mW 


Device Dissipation per Output Transistor 
For T, = Full Package Temperature Range (All Types) ..... 100mW 


UU: TOON GO 5 coe hives ces cccbivescecvcch's +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)........ 0... eee ee +300°C 


Recommended Operating Conditions 


Operating Temperature Range 

PIO TUNE hordes oh eee cee dee ees -55°C < Ty s +125°C 

PRNIN FIO Ee oo Sinko sie sve va x bows eee -40°C < Ty < +85°C 
Storage Temperature Range............... -65°C < Ty s +150°C 
Supply Voltage Range 

For T, = Full Package Temperature Range........... +4.5V to +5.5V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications Vpp = 5V +10%, T, = +25°C 


All Other Outputs High (Source) Current He tomes 4 
Input Low Current eae 
Input High Current aoe eee 


Me 
Vin 
Vin 


Input Capacitance Aiea Rae 


PARAMETERS SYMBOL | TEST CONDITIONS | MIN | TYP) | MAX | 


Operating Device Current ‘Eee fo, = 10MHz 
HDB3 Output Low (Sink) Current Vor = 0.5V 


HDB3 Output High (Source) Current Von = 2.8V 
All Other Outputs Low (Sink) Current Vo, = 0.5V 


Von = 2.8V 


LIMITS 


Dynamic Electrical Specifications T, = -40°C to +85°C for Plastic Package; -55°C to +125°C for Ceramic Package; Vpp = +4.5V 


to +5.5V; C, = 15pF 


Sea rk Plea ey og eee 


CTX, CRX Input Rise Time 
Fall Time 

NRZ-IN to CTX 
Data Setup Time 
Data Hold Time 

HDB3 IN to CRX 


Data Setup Time 
Data Hold Time 
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Specifications CD22103A 


Dynamic Electrical Specifications T, = -40°C to +85°C for Plastic Package; -55°C to +125°C for Ceramic Package; Vpp = +4.5V 
to +5.5V; C, = 15pF (Continued) 


INPUT (Continued) 
CRX to CKR (CRX = 8.448MHz) 
Pretrigger 


OUTPUT 


Transmitter Coder 
CTX to HDB3 OUT: 


Data Propagation Delay Time 


Handling Delay Time 


HDB3 OUT Output Pulse Width 
(Clock duty cycle = 50%) 


fo = 2.048MHz 
fot = 8.448MHz 


Receiver Decoder 
CRX to NRZ OUT: 


Data Propagation Delay Times 


Handling Delay Time 


HDB3 IN to CKR 
HDB3 Propagation Delay Time 


LTE =0 


| eumeres | arto. | vane [a [ea 
a ee ee ee 
is ie ee ee ee 


olde ak ee 


Functional Description 


The CD22103A is designed to code and decode HDB3 
signals which are coded as binary digital signals (NRZ-IN) 
and (+ HDB3 IN, -HDB3 IN), accompanied by sampling 
clocks (CTX) and (CRX). The two binary coded HDB3 out- 
puts, (+ HDB3 OUT, -HDB3 OUT) may be externally mixed 
to create the ternary HDB3 signals (See Figure 1). 


The two binary HDB3 input signals have been split from the 
input ternary HDB3 in an external line receiver. 


The receiver decoder converts binary unipolar inputs (+HDB3 IN, 
-HDB3 IN), which were extemally split from ternary bipolar HDB3 
signals, and a synchronous clock signal (CRX) into binary unipolar 
NRZ signals (NRZ-OUT). 


Received signals not consistent with HDB3 coding rules are 
detected as errors. The receiver error output (ERR) is active high 
during one CRX period of each bit of received data that is inconsis- 
tent with HDB3 coding rules. 


An input string consisting of all ones (or marks) is detected and 
signaled by a high level at the Alarm Signal (AIS) output. The AIS 
output is set to a high level when less than three zeros are 
received during two consecutive periods of the Reset Alarm Inhibit 
Signal (RAIS). The AIS output is subsequently reset to a low level 
when three or more zeros are received during two periods of the 
reset signal (RAIS). 


A diagnostic Loop-Test Mode may be entered by driving the Loop 
Test Enable Input (LTE) high. In this mode the HDB3 transmitter 
outputs (+4DB3 OUT, -HDB3 OUT) are internally connected to 
the HDB3 receiver inputs, and the external HDB3 receiver inputs, 
and the extemal HDB3 receiver inputs (+4DB3 IN, -HDB3 IN) are 
disabled. The NRZ binary output signal (NRZ - OUT) corresponds 
to the NRZ binary input signal (NRZ - IN) delayed by approxi- 
mately 8 clock periods. 


The Clock Receiver Output (CKR) is the product of the two HDB3 
input signals or-ed together. The CRX clock signal may be derived 
from the CKR signal with external clock extraction circuitry. In the 
Loop Test Mode (LTE = 1) CKR is the product of the +HDB3 OUT 
and -HDB3 OUT signals or-ed together. 


The CD22103A may also be used to perform the AMI to NRZ 
coding/decoding function. To use the CD22103A in this mode, the 
HDB3/AMI control input is driven low. 


Error Detection 


Received HDB3/AMI binary input signals are checked for 
coding violations, and an error signal (ERR) is generated as 
described below. 
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Error Detection (Continued) 
¢ HDB3 Signals HDB3/AMI = High 


The error signal (ERR) is flagged high for one CTX period if 
a violation pulse (£V) is received of the same polarity as the 
last received violation pulse. 


A violation pulse (+V) is considered a reception error and 
does not cause replacement of the last string of 4 bits to 
zeros, if: 


The received 4 data bits previous to reception of the violation 
pulse have not been the sequence BX00 (where X = don't 
care). The error signal (ERR) remains low. 


NOTES: 


1. The data sequences BOOOV and BBOOV are valid HDB3 codings 
of the NRZ binary sequence 10000. 


2. The error signal (ERR) count, is the accurate number of all single 
bit errors. 


¢ AMI Signals HDB3/AMI = Low 


- Acoding error (ERR) is signaled when a violation pulse 
(+V) is received. 


e in either the HDB3 or AMI mode: 


- When high levels appear simultaneously on both HDB3 
inputs (+ HDB3 IN, -HDB3 IN) a logical one is assumed 
in the HDB3/AMI input stream and the error signal 
(ERR) goes high for the duration of the violation. 


Alarm Inhibit Signal 


- The alarm output (AIS) is set high if, in two successive 
periods of the external Reset Alarm Signal (RAIS), less 


HANDLING DELAY 


+HDB3 OUT 
HDB3 ‘ 
CODED ‘ 
-HDB3 OUT 


EXTERNAL GENERATED 
TERNERY HDB3 


+HDB3 OUT 


AMi 
CODED 


-HDB3 OUT 


EXTERNAL GENERATED 


than three zeros are received. 


- The alarm output (AIS) is reset low when three or more 
zeros are received during two Reset Alarm Signal peri- 
ods. 


Transcoder Operation 
Transmitter Coder (See Figure 1) 


The HDB3/AMI transmitter coder operates on 4-bit serial 
strings of NRZ binary data and a synchronous transmitter 
clock (CTX). NRZ binary data is serially clocked into the 
transmitter on the negative transition of the (CTX) clock. 
HDB3/AMI coding is performed on the 4-bit string, and 
HDB3/AMI binary output data is clocked out to the (+HDB3 
OUT, -HDB3 OUT) outputs on the positive transition of the 
transmitter clock (CTX) 4 clock pulses after the data 
appeared at the (NRZ-IN) input. 


Receiver Decoder (See Figure 2) 


The HDB3/AMI receiver decoder operates on 4-bit serial 
strings of binary coded HDB3/AMI signals, and a synchro- 
nous receiver clock (CRX), HDB3/AMI binary data is serially 
clocked into the receiver on the positive transition of the 
(CRX) clock. HDB3/AMI decoding is performed on the 4-bit 
string, and NRZ binary output data is clocked out to the 
(NRZ-OUT) output on the positive transition of the receiver 
clock (CRX) 4 clock pulses after the data appeared at the 
(+HDB3 IN, -HDB3 IN) inputs. 


FIGURE 1. TRANSMITTER CODER OPERATION TIMING WAVEFORMS - NRZ TO HDB3/AMI CODING 
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CD22103A 


aaa ca a 4 od ee 
+HDB3 IN 
EXTERNALLY 
SPLIT 
CKR bina 7 bbs pee 
EXTERNALLY CRX 
GENERATED HANDLING DELAY | 
NRZ- OUT 


FIGURE 2. RECEIVER DECODER OPERATION TIMING WAVEFORMS - HDB3 TO NRZ DECODING 


twCL 
tacL teoL ise 
wR SRE 
| y 5% ager 
eTX 10% 
ts ty ~< 
Pati aterin (eLttzhsitttsAstAtitAia , 
NRZ -IN % , 
*PaaAaaRPPaFP@PaeLas Ceara 
top 
+HDB3 OUT 
OR 
-HDB3 OUT 
tw 
FIGURE 3. TRANSMITTER CODER TIMING WAVEFORMS 
teoL trot tweL 
ae a 
se bade Lcaiisiiatina 4 ais 
10% 
ts ty ~< 
yrs. "Sas, 
y , Y 
ob ain 
+HDB3 IN f = zt Som 
-HDB3 IN 
tincKR & 
50% 
CKR 
top Ww 
50% 
NRZ - OUT 


FIGURE 4. INPUT REQUIREMENTS AND OUTPUT CHARACTERISTICS 
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FIGURE 7. RECEIVER ERROR-SIGNALS TIMING WAVEFORMS 


Definition of HDB3 Code Used in CD22103A HDB3 
Transcoder (As Per CCITRT G703 Annex Recom- 
mendations) and Error Detection 


Coding Of A Binary Signal Into An HDB3 Signal Is Done 
According To The Following Rules: 


HDB3 signal is pseudoternary; the three states are 
denoted B+, B-, and 0. 


Spaces (zeros) in the binary NRZ signal are coded as 
spaces in the HDB3 signal. For strings of four spaces, 
however, special rules apply (See Item 4 below). 


Marks (ones) in the binary signal are coded alternately as 
B+ and B- in the HDB3 signal (alternate mark inversion). 
Violations of the rule of alternate mark inversion are intro- 
duced when coding strings of four spaces (See Item 4 
below). 


Strings of four spaces in the binary signal are coded 
according to the following rules: 


A) The first space of a string is coded as a space if the polar- 


ity of the preceding mark of the HDB3 signal has a polarity 
opposite to the preceding violation and is not a violation by 
itself; it is coded as a mark, i.e., not a violation (i.e., B+ or 
B-), if the preceding mark of the HDB3 signal has the same 
polarity as that of the preceding violation or is by itself a 
violation. 


This rule ensures that successive violations are of alter- 
nate polarity so that no dc component is introduced. 


B) The second and third spaces of a string are always coded 


as spaces. 


C) The last space of a string of four is always coded as a 
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HARRIS CD22202, CD22203 


April 1993 5V Low Power DTMF Receiver 
Features Description 
¢ Central Office Quality The CD22202 and CD22203 complete dual-tone multiple 


frequency (DTMF) receivers detect a selectable group of 12 


* Ne-Eront End Send Spliing Filters heegag or 16 standard digits. No front-end pre-filtering is needed. 


e Single, Low Tolerance, 5V Supply The only externally required components are an inexpensive 
3.579545MHz TV “colorburst” crystal (for frequency refer- 
* Detects Either 12 or 16 Standard DTMF Digits ence) and a bias resistor. Extremely high system density is 


Uses Inexpensive 3.579545MHz Crystal for Reference Possible through the use of the clock output of a crystal con- 
nected CD22202/CD22203 receiver to drive the time bases 


¢ Excellent Speech Immunity of additional receivers. This is a monolithic integrated circuit 

¢ Output in Either 4-Bit Hexadecimal Code or Binary fabricated with low-power, complementary symmetry CMOS 

Coded 2-of-8 eeuBs It only requires a single low tolerance power 
Supply. 

e Synchronous or Handshake Interface a 

The CD22202 and CD22203 employ state-of-the-art circuit 

¢ Three State Outputs technology to combine the digital and analog functions on 

¢ Excellent Latch-Up Immunity the same CMOS chip using a standard digital semiconductor 


process. The analog input is preprocessed by 60Hz reject 
Orderi f . and band splitting filters and then hard limited to provide 
rdering Information AGC. Eight Bandpass filters detect the individual tones. The 


PART TEMPERATURE digital post processor times the tone durations and provides 
NUMBER RANGE 


the correctly coded digital outputs. Outputs interface directly 
to standard CMOS circuitry and are tri-state enabled to facil- 

CD22202E 0°C to +70°C 18 Lead Plastic DIP 

CD22203E 18 Lead Plastic DIP 


itate bus oriented architectures. 


Pinout Functional Diagram 
CD22202, CD22203 
(PDIP) ED-203 
TOP VIEW o NG202 
a 
o © CLRDV 
Ot [1 ANALOG IN 8 = 
HEX/B2e | 2 | o & aa ” 
od < 
x Ee 
eats Es g 3 HEX/B26 
IN1633 | 4 | of 
z 
<« o D1 
Vpp LS. ATB te 5 
ED (203 ONLY), of 
Vss 17, CLOCKS G & 
XEN [8 | s zs 
ANALOG IN [9| S < 
3% 
” VOLTAGE “a 
REGJREF. 
ee INI633 
Vss 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 695 2 


Copyright © Harris Corporation 1993 
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Specifications CD22202, CD22203 


Absolute Maximum Ratings Operating Conditions 

DC Supply Voltage (Vpp)(Referenced to Vss Terminal)....... +7V Operating Temperature Range .................. 0°C to +70°C 

Power Dissipation Storage Temperature Range.................. -65°C to +150°C 
T, = +25°C (Derate above T, = +25°C at 6.25mWPC...... 65mW 

Input Voltage Range NOTE: Unused inputs must be connected to Vpp or Veg as appropriate. 
All Inputs Except Analog In.............. (Vpp +0.5V) to -0.5V 

Analog in Voltage Range ............. (Vpp +0.5V) to (Vpp -10V) 

DC Current into any Input or Output.................00 08 +20mA 

JOROMGR TOMDOCAUNO. 5 oc sn ccc cic e te ccc anche +175°C 

Junction Temperature (Plastic Packages)............... +150°C 

Lead Temperature (Soldering 10 Sec.).............006- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 0°C < Ty <+70°C, Vpp = 5V +10% 


ee | a — el | ee 


sols Tolerance Pll wey | es le 


Dial Tone Tolerance “Precise” Dial Tone 


Talk Off MITEL Tape #CM7291 


Digital Outputs (except XOUT) 


dB Referenced to Lower 
Amplitude Tone 


Digital Inputs 


dB Referenced to Lowest 
Amplitude Tone 


NOTE: 
1. Bandwidth limited (3kHz) Gaussian noise. 
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Functional Block Diagram 


NOTE: Pin 6: Early detect output on CD22203 only. 


System Functions 
Analog In 


The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC cou- 
pled, as long as it does not exceed the positive supply volt- 
age. Proper input coupling is illustrated below. 


CD22202, CD22203 
0.01 pF en 

AUDIO &—4 
INPUT 
(+4dBm 
MAXIMUM) 

10pF 
(ON CHIP) 

: peenaeoneses t-- 
1500pF * 33 >100kQ 
= — s Vss 
OPTIONAL Spceccacdddvnapababeuvandckebeuwoucvsnesstual 

HIGH FREQUENCY 
NOISE FILTER 
(fe = 3.9kHz) 


FIGURE 1. ANALOG IN 


it antec =f eS 
59 jt DATA STROBE wese 
a z 
7. 
curmur || curr | MEd) 
‘ae ee 
a 
fomauet LY ae 


The CD22202 and CD22203 are designed to accept sinuso- 
idal input waveforms, but will operate satisfactorily with any 
input that has the correct fundamental frequency with har- 
monics that are at least 20dB below the fundamental. 


Crystal Oscillator 


The CD22202 and CD22203 contain an on-board inverter 
with sufficient gain to provide oscillation when connected to 
a low cost television “color-burst” (3.579545MHz) crystal. 
The crystal oscillator is enabled by tying XEN high. The crys- 
tal is connected between XIN and XOUT. A 1MOQ resistor is 
also connected between these pins in this mode. ATB is a 
clock frequency output. Other CD22202 and CD22203 
devices may use the same frequency reference by tying their 
ATB pins to the ATB output of a crystal connected device. 
XIN and XEN of the auxiliary devices must then be tied high 
and low, respectively. Up to ten devices may be run from a 
single crystal connected CD22202 and CD22203 as shown 
in Figure 2. 
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3.579545MHz 


UP TO 10 DEVICES 
FIGURE 2. CRYSTAL OSCILLATOR 
HEX/B28 


This pin selects the format of the digital output code. When 
HEX/B28 is tied high, the output is hexadecimal. When tied 
low, the output is binary coded 2-of-8. The following table 
describes the two output codes. 


TABLE 1. OUTPUT CODES 


HEXADECIMAL BINARY CODED 2-OF-8 


ED 


This pin, on the CD22203 only, indicates the presence of fre- 
quencies which are likely to be DTMF digits, but have not yet 
been verified by a DV signal. It is comparable to a “button- 
down” output, and it is useful as an EARLY DETECT signal to 
interrupt a microprocessor for digit storage and validation. 


DV and CLRDV 


DV signals a detection by going high after a valid tone pair is 
sensed and decoded at the output pins D1, D2, D4, and D8. 


DV remains high until a valid pause occurs or CLRDV is 
raised high, whichever is sooner. This handshake can save 
microprocessor time. 


DTMF Dialing Matrix 


COL 0 
1209Hz 


6 a xi 
oe 2 Se 
g52Hz 
— 8. © 2. @ 


NOTE: Column 3 is for special applications and is not normally used 
in telephone dialing. 


IN1633 


When tied high, this pin inhibits detection of tone pairs con- 
taining the 1633Hz component. For detection of all 16 stan- 
dard digits, IN1633 must be tied low. 


N/C Pin 
This pin has no internal connection and should be left floating. 
Digital Inputs and Outputs 


All digital inputs and outputs of the DTMF receivers are rep- 
resented by the schematic below. Only the “analog in” pin is 
different, and is described above. Care must be exercised 
not to exceed the voltage or current ratings on these pins as 
listed in the “maximum ratings” section. 


Vpp 


F~ CMOS 
DIGITAL « DIGITAL » DIGITAL 
INPUT CIRCUITRY OUTPUT 


Vss 


FIGURE 3. DIGITAL INPUTS AND OUTPUTS 


input Filter 


The CD22202 and CD22203 will tolerate total input noise of 
a maximum of 12dB below the lowest amplitude tone. For 
most telephone applications, the combination of the high 
frequency attenuation of the telephone line and internal 
band limiting make special circuitry at the input to these 
receivers unnecessary. However, noise near the 56kHz 
internal sampling frequency will be aliased (folded back) 
into the audio spectrum, so if excessive noise is present 
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CD22202, CD22203 


above 28kHz, the simple RC filter shown below may be 
used to band limit the incoming signal. The cut off 
frequency is 3.9kHz. 


FIGURE 4. FILTER FOR USE IN EXTREME HIGH FREQUENCY 
INPUT NOISE ENVIRONMENT 


Noise will also be reduced by placing a grounded trace 
around XIN and XOUT pins on the circuit board layout when 
using a crystal. It is important to note that XOUT is not 
intended to drive an additional device. XIN may be driven 
externally; in this case, leave XOUT floating. 


Timing Waveforms 


TONE BURST 1 


ANALOG __YY eae TONE BURST 2 


INPUT 
tr 
tp k- 


CLRDV 


J alte 


tep 


ED* 


* Early Detect output is available only on the CD22203 


FIGURE 5. 


PARAMETERS | SyMBOL| MIN | TvP | MAX | UNITS 


Tone Time 
For Detection 


For Rejection 


Pause Time 


For Detection 


For Rejection 


ED Release Time 


g 


N 


lp 

tk 

ty 
L 


y 


Output Enable Time 
C, = 50pF, R, = 1kQ 


Output Disable Time 
C, = 35pF, R, = 500Q 


Output Rise Time 
Cc. = 50pF 


Output Fall Time 
Cc, = 50pF 


Guard Time 


Whenever the DTMF receiver is continually monitoring a 
voice channel containing distorted or musical voices or 
tones, additional guard time may be added in order to 
prevent false decoding. This may be done in software by 
verifying that both ED and DV are present simultaneously for 
about 55ms. An appropriate guard time should be selected 
to balance the fastest expected dialing speed against the 
rejection of distorted or musical voices or tones (most 
autodialers operate in the 65ms to 75ms range although a 
few generate 50ms tones). A hardware guard time circuit is 
shown in Figure 6. R3 and R4 should keep the voice 
amplitude as low as practical, while R2 and R5 adjust 
detection speed. 
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+5V 


R4 
33K 
ENABLE 
INPUT '/3 CD74HC04 
>> 
OUT 
(BUFFERS OPTIONAL) 


FIGURE 6. CD22203 DTMF RECEIVER WITH GUARD TIME CIRCUIT TO PROVIDE EXCEPTIONAL TALK-OFF PERFORMANCE 


Operating and Handling Considerations 


Handling 


All inputs and outputs of CMOS devices have a network for 
electrostatic protection during handling. Recommended han- 
dling practices for CMOS devices are described in 
ICAN-6525 “Guide to Better Handling and Operation of 
CMOS Integrated Circuits”. 


Operating 
Operating Voltage 


During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turnoff transients, power supply ripple, or ground 
noise; any of these conditions must not cause Vpp - Vss to 
exceed the absolute maximum rating. 


input Signals 


To prevent damage to the input protection circuit, input sig- 
nals should never be greater than Vpp nor less than Vgg. 
Input currents must not exceed 20mA even when the power 
supply is off. 


Unused Inputs 


A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vpp or 
Vss, whichever is appropriate. 


Output Short Circuits 


Shorting of outputs to Vpp or Vsg may damage CMOS 
devices by exceeding the maximum device dissipation. 
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5V Low Power Subscriber 


wD 


March 1993 DTMF Receiver 
Features Description 
¢ No Front End Band Splitting Filters Required The CD22204 complete dual tone multiple frequency (DTMF) 


receiver detects a selectable group of 12 or 16 standard digits. No 
front-end pre-filtering is needed. The only externally required com- 


Single Low Tolerance 5V Supply 


¢ Three-State Outputs for Microprocessor Based ponents are an inexpensive 3.579545MHz TV “colorburst” crystal 
Systems (for frequency reference) and a bias resistor. Extremely high sys- 

¢ Detects all 16 Standard DTMF Digits tem density is possible through the use of the Alternate Time Base 
(ATB) output of a crystal connected CD22204 receiver to drive the 

¢ Uses Inexpensive 3.579545MHz Crystal time bases of up to 10 additional receivers. This is a monolithic 
e Excellent Speech Immunity integrated circuit fabricated with low power, complementary sym- 


metry CMOS processing. It only requires a single power supply. 


The CD22204 employs state-of-the-art “switched-capacitor’ filter 
technology, resulting in approximately 40 poles of filtering and dig- 
EEE ee ital circuitry on the same CMOS chip. The analog input is prepro- 
Ordering Information cessed by 60Hz reject and bandsplitting filters and then zero-cross 


detected to provide AGC. Eight bandpass filters detect the individ- 
[PARTNUMBER | TEMP.RANGE | PACKAGE | ual tones. Digital processing is used to measure the tone and 
CD22204E 14 Lead Plastic DIP pause durations and provides the correctly coded and timed digital 
CD22204M 0°C to +70°C 24 Lead SOIC 


Output in 4-Bit Hexadecimal Code 
Excellent Latch-Up Immunity 


outputs. The outputs interface directly to standard CMOS circuitry 
and are tri-state enabled to facilitate bus oriented architectures. 


Pinouts Functional Diagram 
CD22204 (PDIP) 
TOP VIEW 
NC 
rs Gi 
5 
a z DV 
ANALOG IN 8 5 
a 
a 2 D1 
rd a 
2 F < e 41 
S 3 D2 
Ge 
23 
z 
< g D4 
bs w 
a 
3) 8 D8 
CD22204 (SOIC) Ys 
TOP VIEW a * a 
o 
< 
cc 
lu 
rr VOLTAGE 
G 
oe 
4 8 
Vop Vss 
NOTE: Pin numbers are for plastic DIP. 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 1 696 2 
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Specifications CD22204 


Absolute Maximum Ratings (Note 1) 


DC Supply Voltage (Vpp)(Referenced to Vgg Terminal)....... +7V 
Power Dissipation 

T, = +25°C (Derate above T, = +25°C at 6.25mMWPC...... 65mW 
Input Voltage Range 

All Inputs Except Analog In............-. (Vpp +0.5V) to -0.5V 
Analog in Voltage Range ...........-- (Vpp +0.5V) to (Vpp -10V) 
DC Current into any Input or Output. .......... eee eee ee ees +20mMA 
Junction Temperature. ........ cece cece ee ere eens +175°C 
Junction Temperature (Plastic Packages)...........+-+- +150°C 
Lead Temperature (Soldering 10 Sec.)........... 020s +300°C 


Operating Conditions 
Operating Temperature Range .........-.--+++e- 0°C to +70°C 
Storage Temperature Range........---+++see -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications 


high tone 


Twist = 
low tone 


“0” Level 


NOTES: 
1. Unused inputs must be connected to Vpp or Vgg as appropriate. 
2. Bandwidth limited (kHz) Gaussian noise. 
3. Lower minimum available, please contact sales office. 


0°C < Ty $ +70°C, Vpp = 5V 10% 


dB Referenced to Lower 
Amplitude Tone 
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CD22204 


Functional Block Diagram 


NOTE: Pin numbers are for plastic DIP. 


‘ 
’ 
‘ 
‘ 
é 
é 
‘ 
U 


TIMING 
CIRCUITRY 
| DATA STROBE 


> 
> 


OUTPUT @ OUTPUT 
DECODER REGISTER 


System Functions 
Analog In 


The Analog In pin accepts the analog input. It is internally 
biased so that the input signal may be either AC or DC cou- 
pled, as long as it does not exceed the positive Supply volt- 
age. Proper input coupling is illustrated below. 


0.01 pF 

AUDIO &—| 
INPUT 
(+4dBm 
MAXIMUM) 


OPTIONAL Vevcccecccesscccccccccccceusenesssecescceseses 
HIGH FREQUENCY 

NOISE FILTER 

(fc = 3.9kHz) 


FIGURE 1. ANALOG IN 


The CD22204 is designed to accept sinusoidal input wave- 
forms, but will operate satisfactorily with any input that has 
the correct fundamental frequency with harmonics that are 
at least 20dB below the fundamental. 


Crystal Oscillator 


The CD22204 contains an on-board inverter with sufficient 
gain to provide oscillation when connected to a low cost tele- 
vision “color-burst” (3.579545MHz) crystal. The crystal oscil- 
lator is enabled by tying XEN high. The crystal is connected 
between XIN and XOUT. A 1MQ resistor is also connected 
between these pins in this mode. ATB is a clock frequency 
output. Other CD22204 devices may use the same fre- 
quency reference by tying their ATB pins to the ATB output of 
a crystal connected device. XIN and XEN of the auxiliary 
devices must then be tied high and low, respectively. Up to 
ten devices may be run from a single crystal connected 
CD22204 as shown in Figure 2. 
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CD22204 


3.579545MHz 


UP TO 10 DEVICES 


FIGURE 2. CRYSTAL OSCILLATOR 


Outputs D1, D2, D4, D8 and EN 


Outputs D1, D2, D4, D8 are CMOS push-pull when enabled 
(EN high) and open circuited (high impedance) when dis- 
abled by pulling EN low. These digital outputs provide the 
hexadecimal code corresponding to the detected digit. The 
digital outputs become valid after a tone pair has been 
detected and they are then cleared when a valid pause is 
timed. The table below describes the hexadecimal codes. 


TABLE 1. OUTPUT CODES 


DV 


DV signals a detection by going high after a valid tone pair is 
sensed and decoded at the output pins D1, D2, D4, and D8. 
DV remains high until a valid pause occurs. 


N/C Pin 
This pin has no internal connection and should be left floating. 


DTMF Dialing Matrix 
COL 0 COL 1 COL 2 COL 3 
1209Hz 1336Hz 1477Hz 1633Hz 


oo hy a ee 
el Ula 
p52itz o 
ik SEES SRR OY ARS SE 2) 


NOTE: Column 3 is for special applications and is not normally used 
in telephone dialing. 


Digital Inputs and Outputs 


All digital inputs and outputs of the DTMF receivers are rep- 
resented by the schematic below. Only the “analog in” pin is 
different, and is described above. Care must be exercised 
not to exceed the voltage or current ratings on these pins as 
listed in the “maximum ratings” section. 


Vpp 


7 CMOS 
DIGITAL , DIGITAL 5 DIGITAL 
INPUT CIRCUITRY OUTPUT 


Vss 
FIGURE 3. DIGITAL INPUTS AND OUTPUTS 


input Filter 


The CD22204 will tolerate total input noise of a maximum 
of 12dB below the lowest amplitude tone. For most 
telephone applications, the combination of the high 
frequency attenuation of the telephone line and internal 
band limiting make special circuitry at the input to these 
receivers unnecessary. However, noise near the 56kHz 
internal sampling frequency will be aliased (folded back) 
into the audio spectrum, so if excessive noise is present 
above 28kHz, the simple RC filter shown below may be 
used to band limit the incoming signal. The cut off 
frequency is 3.9kHz. 


0.0015. F - 


FIGURE 4. FILTER FOR USE IN EXTREME HIGH FREQUENCY 
INPUT NOISE ENVIRONMENT 
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CD22204 


Noise will also be reduced by placing a grounded trace 
around XIN and XOUT pins on the circuit board layout when 
using a crystal. It is important to note that XOUT is not 
intended to drive an additional device. XIN may be driven 
externally; in this case, leave XOUT floating. 


Timing Waveforms 


TONE BURST 1 ca 
ANALOG VAY pause Vrone BURST 2 


INPUT 
tr 
to a 
D1, D2 
D4, DS 
ty 
DV 
FIGURE 5. 


(PARAMETERS | SyMBOL] WIN | TYP | MAX] UNTTS| 


Tone Time 
For Detection 


For Rejection 


Pause Time 
For Detection 


For Rejection 


Data Setup Time 
Data Hold Time 


Output Enable Time 
C, = 50pF, R, = 1kQ 


Output Disable Time 
C, = 35pF, R, = 5002 


Output Fall Time 
Ch = 50pF 
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prettier CD22301 


Monolithic PCM Repeater 


wo 


March 1993 


Features Description 


The CD22301 monolithic PCM repeater circuit is designed 


e Automatic Line Buildout 
for T1 carrier systems operating with a bipolar pulse train of 


DRURY PORN car ok soe oes tee sree reese toe s's 5.1V 1.544Mbits/s. It can also be used in the T148 carrier system 
¢ Buffered Output operating with a ternary pulse train of 2.37Mbits/s. The cir- 
cuit operates from a 5.1V +5% externally regulated supply. 
Applications The CD22301 provides active circuitry to perform all func- 
tions of signal equalization and amplification, automatic line 
into tinal naSbc! hi sll REPRE ion buildout (ALBO), threshold detection, clock extraction, pulse 
e Ternary Carrier System............ T148 2.37Mbits/s timing and buffered output formation. 
Ordering Information Pinout 
CD22301, (PDIP) 


TOP VIEW 


PART TEMPERATURE 
NUMBER RANGE 


ALBO GROUND 48| SUBSTRATE 


CD22301E -40°C to +85°C 18 Lead Plastic DIP ALBO 1 OUTPUT 17| ALBO BIAS 
ALBO 2 OUTPUT 46] OSC BIAS 
ALBO 3 OUTPUT LC TANK INPUT 
PREAMP INPUT + H4] Voc 
PREAMP INPUT - 13] CLOCK LIMITER OUTPUT 
PREAMP OUTPUT + 42] TIMING PULSE INPUT 
PREAMP OUTPUT - 41] OUTPUT PULSE 1 
Ver 40] OUTPUT PULSE 2 
Typical 1.544MHz T1 Repeater System 
+ ant) 600 - 800pF 
it ye 
ALBO ALBO 
Gnd Gs) BIAS G7) ,, 
Pate LC TANK Ga) V 
HF ==) G5) input ee a 
eo) 
Oo 
rT} 
oad 
iu 
= 
100 
Gt pee 
PHASE 
SHIFT 


CLOCK THRESHOLD PULSE 
COMPARATOR MPLIFIER 3.83K 
150pF saa 
8.2K z pee 
DATA THRESHOLD f cate] FF 
PULSE COMPARATOR : | PULSE 
watt AR | SE sae oT. 2 ibalepe 
=" 4.53K a 
dees Fac ome, Bes Fs 1@ 
(9) Vee ° Voc 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number { 368.2 


Copyright © Harris Corporation 1993 
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Specifications CD22301 


Absolute Maximum Ratings Recommended Operating Conditions 
DON WI cc hae oc ee ee i a ee 10V Operating Temperature Range .............. -40°C < Ty < +85°C 
Input Current (Into Pin9 or 10).......... cece cece cc ceee 25mA Storage Temperature Range............... ~65°C < Ty < +150°C 
Peak Current (Into Pin9 or 10)............ cece cece eee 100mA 
Input Surge Voltage (Between Pins 5 and 6,t=10ms)....... 50V 
Output Surge Voltage (Between Pins 10 and 11,t = 1ms)..... 50V 
Power Dissipation 
PUN Tg A ee OO BO io ons ig cs cos echo dee ee 500mW 


For Ta = +60°C to +85°C .. Derate Linearly 12mW/C to 200mW 
Device Dissipation per Output Transistor 
For T, = Full Package Temperature Range (All Types)..... 100mW 


SIUNIOY: TORINO MN Se et +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications —T, = +25°C, Vog = 5.1V + 5% (See Figure 4) 


LIMITS 


Pearpliermputinpesace an 
— 
Ca 
a 


; 


Clock Limiter Input Impedance 
Zoot 
2.00109 
[ouocKTireshovataoe [| vic) | 6 | 68 | ome | 11 | 128 
Vines eotvniay | 
CCC 
Diente ier Gate Votape | aon | * 
a 
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Dynamic Electrical Specifications T, = +25°C , Voc = 5.1V + 5% 


PARAMETERS SYMBOL 


Output Pulse Fall Time 


Output Pulse Width ee ee 
Pulse Width Differential Alwar 
Clock Drive Current 


NOTES: 


oaOonN OD 


10. 


. No signal input. Measure voltage between pins 7 and 8. 

. Measure clock limiter input impedance at pin 15. See Figure 5. 

. Adjust potentiometer for OV (See Figure 5). Measure ALBO off impedances from pins 2, 3 and 4 to pin 1. 

. Increase potentiometer until voltage at pin 17 = 2V (See Figure 5). Measure ALBO on impedances from pins 2, 3 and 4 to pin 1. 

. Adjust potentiometer for AV = OV (See Figure 6). Then slowly increase AV in the positive direction until pulses are observed at the DATA 


terminal. 


. Continue increasing AV until the DC level at the clock terminal drops to 4V (See Figure 6). 

. Continue increasing AV until the ALBO terminal rises to 1V (See Figure 6). 

. Turn potentiometer in the opposite direction and measure negative threshold voltages by repeating tests outlined in notes 5, 6 and 7. 
. Set ey = 2.75MVays at f ~ 1.185MHz. Adjust frequency until maximum amplitude is obtained at pin 15. Observe output pulses at pins 


10 and 11. 
Adjust input signal amplitude until pulses just appear in outputs. Increase input amplitude by three dB. 


ALBO GND ALBO BIAS 


FROM ALBO 
PEAK DETECTOR 


< 
mn 
TELECOM 


FIGURE 1. ALBO OUTPUT CIRCUIT 
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+Voc +Voc 
+Voc 
FROM 
LIMITER TO TIMING 
TO AMPLIFIER PULSE 
te eK AMPLIFIER 
; 5.5K 12K 
Vv 
Ee —— Vee ee Vee = 
FROM CLOCK 
THRESHOLD DETECTOR 
FIGURE 2. CLOCK INTERFACE CIRCUIT FIGURE 3. PHASE-SHIFT INTERFACE CIRCUITS 


*C, AND L, 
RESONATE AT 1.272MHz 
0.1pF 
ein Or| 9 Voc = 5.1V 
0.1pF 


8.2kQ 


PULSE OUTPUT 


FIGURE 4. DC AND OUTPUT PULSE TEST CIRCUIT 


FIGURE 5. TEST CIRCUIT FOR IMPEDANCE MEASUREMENT 
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5 2.75 V at 
1.185M 


5 Voc = 5.1V 


= 
Oo 
© 
wu 
— 
Lu 
- 


| > Nese” seman: a 


= wae oa 
—are tr ooo — > tr i 
‘ 


FIGURE 8. OUTPUT PULSE WAVEFORM 
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Ss CD22354A 
Porritt CD22357A 


CMOS Single-Chip, 
Riaribh 9903 Full-Feature PCM CODEC 


aD 


Features Description 


¢ Meets or Exceeds All AT&T D3/D4 Specifications and CCITT Recommendations The CD22354A and CD22357A are monolithic silicon- 


* Complete CODEC and Filtering Systems: No External Components for 9, double-poly CMOS integrated circuits containing 
Sample-and-Hold and Mactan trates Receive Output Filter with  "e band-limiting filters and the companding A/D and D/A 


; nin conversion circuits that conform to the AT&T D3/D4 

(SIN XX Correction and Additional 8kHz Suppression fications and CCITT recom iniona. ‘The 

¢ Variable Data Clocks - From G4kKHZ ...... 0. ccc ccc cccccccccccece 2.1MHZ (€D22354A provides the AT&T y-law and the CD22357A 
¢ Receiver Includes Power-Up Click Filter provides the CCITT A-law companding characteristic. 

¢ TTL or CMOS-Compatible Logic The primary applications for the CD22354A and 

¢ ESD Protection on All Inputs and Outputs CD22357A are in telephone systems. These circuits 


perform the analog and digital conversions between the 


s . Subscriber loop and the PCM highway in a digital 
Ap P lications switching system. The functional block diagram is 
e PABX shown below. 
* Central Office Switching Systems With flexible features, including synchronous and 
¢ Accurate A/D and D/A Conversions asynchronous operations and variable data rates, the 


CD22354A and CD22357A are ideally suited for PABX, 


* Digital Telephones central office switching system, digital telephones as 


* Cellular Telephone Switching Systems well as other applications that require accurate A/D and 
° Voice Scramblers - Descramblers D/A conversions and minimal conversion time. 

¢ T1 Conference Bridges 

° Voice Storage and Retrieval Systems Ordering Information 


¢ Sound Based Security Systems 

¢ Computerized Voice Analysis 

¢ Mobile Radio Telephone Systems 
¢ Microwave Telephone Networks 

* Fiber-Optic Telephone Networks 


PART TEMPERATURE 
NUMBER RANGE 
CD22354AE | -40°C to +80°C | 16 Lead Plastic DIP 
CD22357AE | -40°C to +80°C | 16 Lead Plastic DIP 


Pinout Functional Block Diagram 
CD22354A, CD22357A FULL-FEATURE PCM CODEC 
(PDIP) 
TOP VIEW 
Ve 14] 16) VF 1+ 
GND 12. VFy1- 
VFRO [3| g] GS 
} TSx 
V+ La PARALLEL 
FSp LS) a FSx ARF] sepia 
Dr Lé. Dx 
BCLKp/ BCLK 
CLKSEL LL . 
MCLKp/ 8 | MCLK y 
PDN 
RECEIVE 
LOW PASS EIVE 
FILTER D/A LADDER 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 682.2 


Copyright © Harris Corporation 1993 
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Specifications CD22354A, CD22357A 


Absolute Maximum Ratings Reliability Information 
DC Supply-Voltage, (V+)... ce Wed eed ke bees -0.5t0+7V Operating-Temperature Range (Ta) ............. -40°C to +80°C 
DesSupey wna (> ae eee +0.5to-7V Storage Temperature (Tstg)..........-.-200e- -65°C to +150°C 
DC Input Diode Current, 
lic (Vi; < Ve -0.5V OF Vy) > V4 40:5V) os. ccc cee te cvcecceeee +20mA 
DC Output Diode Current, 
lox (V; < V- -0.5V or Vo > V+ +0.5V) Weve melee 6 #5 hee se se +20mA 
DC Drain Current, Per Output 
le (O5SV6 Vgc V8 9G) oo ccisenitet terriers: +25mA 
DC SUpplyAGrounG Ourrert wo cn adic c chee ccc deccves +50mA 
Power Dissipation Per Package (Pp): 

POPs HM NO As gs etc ce denedcnnvacprese 500mW 

For T, = +60°C to +85°C .......... Derate Linearly at 8mW/C 

to 300mW 

SY TRIN a eee re ere +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)..............05- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications At T, = +25°C 


LIMITS 


Lc A A I CC 
eoatePowersuy |_| + am |» | sa |v _ 
[PowerDispaton Oneraina) | Pom [wee | - |= |» [mw 
PowerDispaton Gino) | Pow [v=sv +t - |» | | mw 


Static Electrical Specification At T, = 0°C to 70°C; V+ = 5V +5%, V- = -5V +5% 


een | oem hes cer 


[macarons [Re [i 

Trettnmctnw | tm [wuocoweanonem |.» [| 

rattan | yur | oe | | w | 

fevtonepavine | ve [ucstoame | | [= |v 

Paornetnenvene | vm [uesiomme |? 

[orien cueavenm | vara 
CS A 
eC re 
aghe = 


GND < Dy < V+ 


Input Leakage Current, Analog -2.5V < VFyits 2.5V 
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Specifications CD22354A, CD22357A 


Transmit and Receive Filter Transfer Characteristics 
V+ = 5V +5%, V- = -5V + 5%, BCLKp = BCLKy = MCLKy = 1.544MHz, Vin = OdBm0, T, = 0°C to 70°C 


Transmit Gain 
(Relative to Gain at 1020Hz) 
Input Amplifier Set to Unity Gain 


f > 4600Hz, 
Measure 0 - 4kHz Response 


Receive Gain f = OHZ to 3000Hz 
(Relative to Gain at 1020Hz) 
(Includes (SIN X)/X Compensation) 


A.C. Specifications Definition 
Unless otherwise specified, the following conditions apply: 
V+= 5V + 5%, V- =-5V + 5% AMPLITUDE RESPONSE 
GNDag, GNDp = OV, Frey = 1020Hz at OdBm0 Absolute Levels Definition: 
Transmit input amplifier operating in a unity gain configuration Vrer = -2.5V 
TONMOANNG 8 2 Eee BT ESTEE OES ET 0°C to 70°C Nominal 0 dBm0 level .................008- 4dBm into 600Q 
Receive output is measured single-ended. All output levels are 1.2276Vans 
(SIN X)/X corrected. Maximum Overload Level: 
Voltage reference (Vref) Of -2.5V ........ 2. ee eee 2.5V p-Law 


2.49V A-Law 


A.C. Specifications: Encoding Format at Dy Output 


CD22354A 
CD22357A A-LAW 
p-LAW (INCLUDES EVEN BIT INVERSION) 


Sos eo BE CA tS Bs Me Fe gn 


Vin (at GSy) = OV 


Vin (at GSy) = -Full-Scale 
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Specifications CD22354A, CD22357A 


A.C. Distortion Specifications 


ae ee a 


Signal to Total Distortion STD, STDp Level = +3dBm0 | ef SRG Peaees ag | dBc 
Xmit or Rey 
poe 
ee 
ea Ce 
Level = -55dBm0, Rey 


Single Frequency Distortion SFD,y, SFDp 
Xmit or Roy 


intermodulation Vex = -4dBm0 to -21dBm0 
f1, f2 from 300 to 3400Hz 


(End-to-End Measurement) 
2-Tone 


Transmit Delay, Absolute 


Transmit Envelope Delay 
Relative to tpax 


—s 


=) 


7 


i=) 


~ 


f = 1000-2600Hz a | 
f = 2600-2800Hz ae 
eee ee eee 


=n G 
© 
on 


Receive Envelope Delay 
Relative to toar 


A.C. Specifications: Gain Tracking 


PARAMETER = TEST CONDITIONS MIN 
ox [anew | 
* Ee 
— 

cca 

ce 

=< 


Transmit Gain Tracking Error 


-50 to -55dBm0 


-40 to -50dBm0 


-50 to -55dBm0 


Receive Gain Tracking Error 


+ H- H+ + 
— =) oO 
Le) Ls) > Nh 
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Specifications CD22354A, CD22357A 


A.C. Specifications: Gain Tracking (Continued) 


i a allan 
Transmit Input Amplifier Gain, Ao. R, 2 1MQ at GS, 
Open Loop 


Transmit Input Amplifier Gain, Aoi Unity Gain Configuration 
Unity Inverting or Non-Inverting 
R, 2 10K, C, < 50pF 


A.C. Noise Specifications 


PARAMETER SYMBOL TEST CONDITIONS 


to Zero Volts 


V+ Power Supply Rejection VFyl+ = 0V 
Transmit V+ = 5V + (100MVpys) 
f = 0 to 50kHz 


V- Power Supply Rejection 
Transmit 


V+ Power Supply Rejectior 
Receive 


VFyI- = OV 
V- = -5V + (100MVpys) 
f = 0 to 50kHz 


PCM Code = All 1 Code 
V+=5V+ (100MVpys) 


f = 0 to 4kHz 
f = 4k to 25kHz 
f = 25k to 50kHz 
V- Power Supply Rejection PCM Code = All 1 Code 
Receive V- = -5V + (100MVpys) 
f = 0 to 4kHz 
f = 4k to 25kHz 


f = 25k to 50kHz 


Cross Talk Transmit to Receive CTxr VF /- = OdBm0 at 1020Hz 


Cross Talk Receive to Transmit Dp = 0dBm0 at 1020Hz, 


VFyl- = OV 
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Specifications CD22354A, CD22357A 


A.C. Timing Specifications 


Frequency of Master Clocks 


resrconomons [ww [we [aa 
Sgecetetnma ies |__| ome | | we 
and the BCLKp/CLKSEL Pin 


MCLKy and MCLK, 


a 
at TintnaswrOace |_| MORE 


Set-up Time from BCLK, High First Bit Clock after the Leading 
(and FS, in Long Frame Sync Edge of FS, 


PARAMETER 


D 
=| 
3 
© 
2 
= 
B 
g 
© 
8 
x 


Mode) to MCLK, Falling Edge 


g 


15,725 


a a ae TS 
FC 
[Restecrancins | we wea 
[rameters | te [wre 


Hold Time from Bit Clock Low to tuBr Long Frame Only 
Frame Sync 

tuoLp Short Frame Only 
Long Frame Only 


togp Load = 150pF plus 2 LSTTL 


nx 
» 2 
3 4 
a 
22 
a= 
o 
3 
@ 
OQ 
8 
x 
<= 
© 
oat 
o 


Set-up Time from Frame Sync to 
Bit Clock Low 


Delay Time from BCLK, High to 


Loads 
<n 
Delay Time from BCLK, Low or 8 
FS, Low to Data Output Disabled es 
uu 
= 


Delay Time to Valid Data from 
FS, or BCLK,, Whichever Comes 


Later 


tozr CL = OpF to 150pF 


Hold Time from BCLKp, Low to tusp 
Dp Invalid 


Set-up Time from Dp Valid to 
BCLKp Low 


Set-up Time from FSyjp to BCLKyp 
Low 


Short Frame Sync Pulse 
(1 or 2 Bit Clock Periods Long) 
(Note 1) 


Hold Time from BCLKyjp, Low to 
FSyj,_ Low 


Short Frame Sync Pulse 
(1 or 2 Bit Clock Periods Long) 
(Note 1) 


8 
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Specifications CD22354A, CD22357A 


A.C. Timing Specifications (Continued) 


a ee 
Hold Time from 3rd Period of Bit tupri Long Frame Sync Pulse ns 
Clock Low to Frame Sync (from 3 to 8 Bit Clock Periods Long) 
(FS, or FSp) 
Minimum Width of the Frame tweL 64K Bit/s Operating Mode 
Sync Pulse (Low Level) 


NOTE: 
1. For short frame sync timing, FS, and FSp must go high while their respective bit clocks are high. 


Pin Function and Description 


ool ee || ee en] 
eS ae 
a 
i 


4 Positive power supply, V+ = +5V + 5%. 


V+ 
FSp Receive Frame Sync Pulse which enables BCLKg to shift PCM data into Dp. FSp is an 8kHz PULSE 
TRAIN. 
B 


Receive Data Input. PCM data is shifted into Dp following the FSp leading edge. 


7 CLKp/CLKSEL | The Receive Bit Clock, which shifts data into Dp after the frame sync leading edge, may vary from 64kHz 
to 2.048MHz. Alternatively, the leading edge may be a logic input which selects either 1.536MHz/ 
1.544MHz or 2.048MHz for Master Clock in synchronous mode and BCLK; is used for both transmit and 
receive directions. 


MCLK,/PDN Receive Master Clock. Must be 1.536MHz, 1.544MHz or 2.048MHz. May be asynchronous with MCLKy, 
but best performance is realized from synchronous operation. When this pin is continuously connected 
low, MCLK, is selected for all internal timing. When this pin is continuously connected high, the device is 
powered down. 

MCLKy Transmit Master Clock. Must be 1.536MHz, 1.544MHz or 2.048MHz. May be asynchronous with MCLKp, 
but best performance is realized from synchronous operation. 

BCLKy The Bit Clock which shifts out the PCM Data on Dy. May vary from 64kHz to 2.048MHz, but must be syn- 
chronous with MCLK,y. 


7] __Ox __ | Te TRISTATE POM Data Oupu whichis oablodby FS 


Transmit Frame Sync Pulse input which enables BCLK, to shift out the data on Dy. FS y is an 8kHz 
PULSE TRAIN. 


a eee ee Ta en 
Non-inverting input of the transmit input amplifier. 
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Functional Description 
Power-Up 


When power is first applied, the Power-On reset circuitry initial- 
izes the CODEC and places it in a Power-Down mode. When the 
CODEC returns to an active state from the Power-Down mode, 
the receive output is muted briefly to minimize turn-on “click”. 


To power up the device, there are two methods available. 
1. A logical zero at MCLK,/PDN will power up the device, 
provided FS, or FSp pulses are present. 


2. Alternatively, a clock (MCLKp) must be applied to MCLKp/ 
PDN and FS, or FSp pulses must be present. 


Power-Down 


Two power-down modes are available. 
1. Alogical 1 at MCLKp/PDN, after approximately 0.5ms, will 
power down the device. 


2. Alternatively, hold both FSy and FSp continuously low, 
the device will power down approximately 0.5ms after the 
last FSy or FSp pulse. 


Synchronous Operation 
(Transmit and Receive Sections use the Same Master 
Clock) 


The same master clock and bit-clock should be used for the 
receive and transmit sections. MCLK, (pin 9) is used to provide 
the master clock for the transmit section; the receive section will 
use the same master clock if the MCLKp/PDN (pin 8) is 
grounded (synchronous operation), or at V+ (power-down 
mode). MCLKp/PDN may be clocked only if a clock is provided 
at BCLKp/CLKSEL (pin 7) as in asynchronous operation. 


The BCLKy (pin 10) is used to provide the bit clock to the trans- 
mit section. In synchronous operation, this bit clock is also used 
for the receive section if MCLK»/PDN (pin 8) is grounded. 
BCLK,/CLKSEL (pin 7) is then used to select the proper inter- 
nal frequency division for 1.544MHz, 1.536MHz or 2.048MHz 
operation (see Table below). For 1.544MHz operation, the 
device automatically compensates for the 193rd clock pulse 
each frame. 


Each FS, pulse begins the encoding cycle and the PCM data 
from the previous encode cycle is shifted out of the enabled Dy 
output on the leading edge of BCLKy. After 8 bit-clock periods, 
the tristate Dy output is returned to a high impedance state. 
With an FSp pulse, PCM data is latched via the Dp input on the 
negative edge of the BCLKy. FS, and FSp must be synchro- 
nous with MCLKy. 


CLOCKING OPTIONS 


MASTER CLOCK 
BCLK,/CLKSEL FREQUENCY SELECTED 


CD22354A (1) | CD22357A (A) 


Asynchronous Clocked 1.536MHz or 2.048MHz 
or 1.544MHz 
Synchronous 


Synchronous 2.048MHz 1.536MHz or 
1.544MHz 
Synchronous | 1(or open circuit) | 1.536MHz or 2.048MHz 
1.544MHz 


CD22357A 


Asynchronous Operation 
(Transmit and Receive Sections use Separate Master 
Clocks) 


For the CD22357A, the MCLKy and MCLK_ must be 
2.048MHz and for the CD22354A must be 1.536MHz or 
1.544MHz. These clocks need not be synchronous. However, 
for best transmission performance, it is recommended that 
MCLKy and MCLKg be synchronous. 


For 1.544MHz operation the device automatically compensates 
for the 193rd clock pulse each frame. FS, starts the encoding 
operation and must be synchronous with MCLKy and BCLKy. 
FSp starts the decoding operation and must be synchronous 
with BCLKp. BCLK_ must be clocked in asynchronous opera- 
tion. BCLKy and BCLKp may be between 64kHz - 2.04MHz. 


Short-Frame Sync Mode 


When the power is first applied, the power initialization circuitry 
places the CODEC in a short-frame sync mode. In this mode 
both frame sync pulses must be 1 bit-clock period long, with the 
timing relationship shown in Figure 1. 


With FSy high during the falling edge of the BCLKy, the next 
rising edge of BCLKy enables the Dy tristate output buffer, 
which will output the sign bit. The following rising seven edges 
clock out the remaining seven bits upon which the next falling 
edge will disable the Dy output. 


With FSp high during the falling edge of the BCLKp (BCLKy in 
synchronous mode), the next falling edge of BCLKp latches in 
the sign bit. The following seven edges latch in the seven 
remaining bits. 


Long-Frame Sync Mode 


In this mode of operation, both of the frame sync pulses must 
be three or more bit-clock periods long with the timing relation- 
ship shown in Figure 2. 


Based on the transmit frame sync FSy, the CODEC will sense 
whether short or long-frame sync pulses are being used. 


For 64kHz operation the frame sync pulse must be kept low for 
a minimum of 160ns. 


The Dy tristate output buffer is enabled with the rising edge of 
FS, or the rising edge of the BCLK,, whichever comes later 
and the first bit clocked out is the sign bit. The following seven 
rising edges of the BCLKy clock out the remaining seven bits. 
The Dy output is disabled by the next falling edge of the BCLKy 
following the 8th rising edge or by FS, going low whichever 
comes later. 


A rising edge on the receive frame sync, FSp, will cause the 
PCM data at Dp to be latched in on the next falling edge of the 
BCLKp. The remaining seven bits are latched on the succes- 
sive seven falling edges of the bit-clock (BCLK, in synchronous 
mode). 


Transmit Section 


The transmit section consists of a gain-adjustable input op- 
amp, an anti-aliasing filter, a low-pass filter, a high-pass filter 
and a compressing A/D converter. The input op-amp drives a 
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CD22354A, 


RC active anti-aliasing filter. This filter eliminates the need for 
any off-chip filtering as it provides 30-dB attenuation (minimum) 
at the sampling frequency. From this filter the signal enters a 
5th order low-pass filter clocked at 128kHz, followed by a 3rd 
order high-pass filter clock at 32kHz. The output of the high-pass 
filter directly drives the encoder capacitor ladder at an 8kHz 
sampling rate. A precision voltage reference is trimmed in 
manufacturing to provide an input overload of nominally 2.5 
Vpeak: Transmit frame sync pulse FS, controls the process. The 
8-bit PCM data is clocked out at Dy by the BCLKy. BCLK, can 


be varied from 64kHz to 2.048MHz. 
txpB 
tWWwL 
TSy 
tRM jn 
MCLK p ee 7 Saye 
! \ 
MCLK : 
twWH 
BCLKy 
' 
tHOLD og 
P= 


CD22357A 


Receive Section 


The receive section consists of an expanding D/A converter and 
a low-pass filter which fulfills both the AT&T D3/D4 specifications 
and CCITT recommendations. PCM data enters the receive sec- 
tion at Dp upon the occurrence of FSp, Receive Frame sync 
pulse. BCLKp, Receive Data Clock, which can range from 64kHz 
to 2.048MHz, clocks the 8&-bit PCM data into the receive data 
register. A D/A conversion is performed on the 8-bit PCM data 
and the corresponding analog signal is held on the D/A capacitor 
ladder. This signal is transferred to a switched capacitor low-pass 
fitter clocked at 128kHz to smooth the sample-and-hold signal as 
well as to compensate for the (SIN X)/X distortion. 


The filter is then followed by a second order Sallen and Key 
active filter capable of driving a 600Q load to a level of 7.2dBm. 


tpzc 


FIGURE 1. SHORT FRAME-SYNC TIMING 
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MCLKx 
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BCLK,y 


FS, 


tHBF 


BCLKp 
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i 
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2 Ce CS Gis ie ie Bae Gee Gee 


FIGURE 2. LONG FRAME-SYNC TIMING 
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Features 


96 Analog Switches 

¢ Low Ron 

e Guaranteed Ron Matching 

e Analog Signal Input Voltage Equal To The Supply Voltage 
¢ Wide Operating Voltage: 4V To 16V 

¢ Parallel Input Addressing 

¢ High Latch Up Current: 50mA Minimum 

¢ Very Low Crosstalk 


e Pin And Functionally Compatible With The Following 
Types: SGS M3493, SGS M093, SSI 78A093A, and 
Mitel MT8812 


Applications 


¢ PBX Systems 

¢ Instrumentation 

¢ Analog And Digital Multiplexers 
¢ Video Switching Networks 


CD22M3493 


12x8x1 BiMOS-E 
Crosspoint Switch 


Description 


The Harris CD22M3493 is an array of 96 analog switches capa- 
ble of handling signals from DC to video. Because of the switch 
structure, input signals may swing through the total supply vok- 
age range, Vpp to Vss. Each of the 96 switches may be 
addressed via the ADDRESS input to the 7 to 96 line decoder. 
The state of the addressed switch is established by the signal to 
the DATA input. A low or logic zero input will open the switch, 
while a high logic level or a one will result in closure of the 
addressed switch when the STROBE input goes high from its 
normally low state. Any number or combination of connections 
may be active at one time. Each connection, however, must be 
made or broken individually in the manner previously described. 
All switches may be reset by taking the RESET input from a zero 
State to a one state and then returning it to its normal low state. 


Ordering Information 


PART NUMBER | TEMPERATURE RANGE | PACKAGE | 
CD22M3493E -40°C to +85°C 40 Lead Plastic DIP 
CD22M3493Q -40°C to +85°C 44 Lead PLCC 


Pinouts 


CD22M3493 (PDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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CD22M3493 (PLCC) 
TOP VIEW 
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NC 39] NC 
NC 3] NC 
X6 37] Xo 
X7 36] X1 
x8 35] X2 
x9 34] X3 
X10 3a] X4 
X11 i321 X5 
NC 31] NC 
NC NC 
NC NC 
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Pege ese gees 
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File Number 2491.2 


CD22M3493 


Block Diagram 


STROBE DATA RESET 
® J 


bilge ed. on Oo RA 
i LATCHES 


© Yss 


XO - X11 


Pin Descriptions 


40 LEAD 
SYMBOL PLASTIC DIP | 44LEADPLCC DESCRIPTION 


POWER SUPPLIES 


ADDRESS 


AX0 - AX3 5, 24, 25,&4 | X Address Lines. These pins select one of the 12 rows of switches. See the Truth 
Table for the valid addresses. 

AYO - AY2 26, 27,& 2 Y Address Lines. These pins select one of the 8 columns of switches. See the Truth 
Table for the valid addresses. 


CONTROL 
DATA Input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 
STROBE _ oo STROBE Input enables the action defined by the DATA and ADDRESS Inputs. A low 


or zero results in no action. The ADDRESS Input must be stable before the STROBE 
INPUTS/OUTPUTS 


Input goes to the active high level. The DATA Input must be stable on the failing edge 
of the STROBE. 
XO - X5 33 - 28 8-13 37 - 329-14 
/0 
X6 - X11 
YO-Y7 35, 37, 39, 1, 40, 41, 43, 1, Analog or Digital Inputs/Outputs. These pins are the columns YO - Y7. 
VO 21,19,17&15 | 23,21,19& 18 


MASTER RESET. A high or one on this line opens all switches. 


Analog or Digital Inputs/Outputs. These pins are the rows X0 - X11. 
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Specifications CD22M3493 


Absolute Maximum Ratings 


DC Supply Voltage (Vpp): Operating Temperature Range (Ta): 

(Voltages Referenced to Vgc)... 1.22... cece ee eens -0.5to+17V Package Type E and Q........ cece eee eee eee -40°C to +85°C 
DG WiPUL Ie CANTON Fi a FAS) vcs ee ee ceengexes +20mA Storage Temperature Range (Tstg) .......----- -65°C to +150°C 
(For V; < Vgg -0.5V or V; > Vpp +0.5V) Lead Temperature (Soldering 10 Sec.)..........-.. eee +300°C 
DC Output Diode Current, lox ...... 2. cece cece cee cece wees +20mA 

(For Vo < Vss -0.5V or Vo > Vop +0.5V) 

DC Transmission Gate Current .......... 22. c cece cece eee +25mA 

Power Dissipation Per Package (Po): 

FOr Tg me AOC 10 4B onic Gielen 0 0 0 BERG oo ose Gees 500mW 

(Package Type E, 40 Pin Plastic DIP) 

POE Tig Ms 10 as on ois ve ve b's occ uly we oe 600mW 


(Package Type Q, 44 Pin PLCC) 


Recommended Operating Conditions 
For maximum reliability, nominal operating conditions should be selected so that operation is on within the following ranges: 


LIMITS 
PARAMETERS 


Supply Voltage Range (For T, = Full Package Temperature Range) Vss = OV Vop SE 

DC Input or Output Voltage V; or Vo Vss Vop V 

Digital Input Voltage Vss Vop Vv 
Dynamic Electrical Specifications (T, = -40°C to +85°C) Vgsg = OV, Vpp = 14V, Unless Otherwise Specified 


eB 
oie ae a 
Caan ter MY OL 


Input Se Current, Digital Reset = Low (Note 1) +10 
(Note 2) 


PARAMETERS SYMBOL | CROSSPOINTS CONDITIONS | MIN | TYP | MAX | UNITS 
Vin = Vop/2 
i 
ON Resistance Ta=-40°C to 485°C Vpp=5V | - | - | 8 | @ | 
ve-v¥E 0 ie ee 
Difference in ON Resistance between Ta = +25°C 
any two switches ® Vin = Vpp/2 
VX a VY = 0.25V Vop = 14V 
+10 yA 
(Note 2) 


VX-VY=0.25V Vpn = 14V 
Difference in ON Resistance between 
any two switches 


= -40°C to +85°C 


Vin = Vpp/2 
VX - VY =0.25V Vop = 14V 


OFF-State Leakage Current ace. IVX - VYI = 14V ee 


NOTES: 
1. Reset ly; < 2mA, Reset = Vpp = 16V 
2. At +25°C Limit is +100nA 
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Dynamic Electrical Specifications (1, = +25°C), Vsg = OV, Vpp = 14V, C, = S0pF, Unless Otherwise Specified 


[__rarawerens ___[__enossnonrsconomone | ww | tr [ wax [uns 
So 
v7 ee 
Ec A 
Signal Input to Output, toy, or toyy 


Frequency Response Channel ON = 3pF, R, = 75Q, Vin = 2Vp.p 
f = 20log (VX/VY) = -3dB 


Total Harmonic, Tup Vin = 2Vp.p, f = 1kHz 


Feedthrough Channel OFF 
Feedthrough = 20log (VX/VY) = For 


Vin = 2Vp.p, f = 1kHz 


Frequency for Signal Crosstalk, for 40dB, Vin = 2Vp-p, Ry = 75 


Attenuation of: 110dB, Vin = 2Vp.p, Ry = 1kQ Il 10pF 


Control Crosstalk 
DATA-Input, ADDRESS, 
or STROBE to Output 


Control Input = 3Vp.p 
Square Wave, tp = te = 10ns 
Rin = 1K, Royt = 10kQ II 10pF 


PARAMETERS __SYmBoL_| CONTROLS CONDITIONS | MIN | TyP | MAX | UNITS | 
[DigteldectCagactiarog | en oo [vee pvre ite, fe Te 


Propagation Delay Time STROBE to Output 
(Switch turn-ON) 

(Switch turn-OFF) 
DATA-in to Output 
(Turn-ON to high level) 
(Turn-ON to low level) 
ADDRESS to Output 
(Turn-ON to high level) 
(Turn-OFF to low level) 


Set-up Time 
DATA-in to STROBE 
ADDRESS to STROBE 
Hold Time 
STROBE to DATA-in 
STROBE to ADDRESS 
Pulse Width 
STROBE 
RESET 
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CD22M3493 


Timing Diagram 
a CD Cal 
STROBE 50% = tpsF 
aol el 


trew 
RESET 50% 50% 


ar tne 
SERRE Bod — 
SWITCH 
OUTPUT 


tpzH I 10% 


tPAN 


TRUTH TABLE X AXIS TRUTH TABLE Y AXIS 
Y ADDRESS 


AYO Y SWITCH 


X ADDRESS 


LAs | axa | Axi | axo_| Note |X SWITCH _ 


X3 
X4 
X5 


[f+ _| no connect] 


NOTE: 1. When X switch addresses are in these states, no change in 
status will occur in switches between any X and Y points. 


To make a connection (close switch) between any two points, specify an “X” address, a “Y” address, set “Data” high, and 
switch “Strobe” from low to high. To break a connection, follow this same procedure with “Data” low.: 


[as [axe [act [ano | ave | at | 00 | 


Example: 


To connect switch X3 to switch Y4: 
To connect switch X6 to switch Y7: 
To break connection from X3 to Y4: 


ee CD22M3494 


16x 8x1 BiMOS-E 


March 1993 Crosspoint Switch 
Features Description 
¢ 128 Analog Switches The Harris CD22M3494 is an array of 128 analog switches 
i teere capable of handling signals from DC to video. Because of the 
om TON switch structure, input signals may swing through the total sup- 
¢ Guaranteed Roy Matching ply voltage range, Vpp to Veg. Each of the 128 switches may be 


addressed via the ADDRESS input to the 7 to 128 line decoder. 
* Analog Signal Input Voltage Equal to the Supply Voltage The ctate of the addressed switch is established by the signal to 


¢ Wide Operating Voltage: 4V to 15V the DATA input. A low or zero input will open the switch, while a 
high logic level or a one will result in closure of the addressed 
* Parallel Input Addressing switch when the STROBE input goes high from its normally low 
¢ High Latch Up Current: 50mA Minimum State. Any number or combination of connections may be active 
at one time. Each connection, however, must be made or bro- 
¢ Very Low Crosstalk ken individually in the manner previously described. All 
¢ Pin And Functionally Compatible with the Following ‘Witches may be reset by taking the RESET input from a zero 
Types: SGS M3494 and Mitel MT8816 State to a one state and then returning it to its normal low state. 
CS allows crosspoint array to be cascaded for matrix expansion. 
Applications 
¢ PBX Systems Ordering Information 


e Instrumentation 


TEMPERATURE 
PART NUMBER RANGE 


CD22M3494E -40°C to +85°C | 40 Lead Plastic DIP 
CD22M3494MQ -40°C to +85°C | 44 Lead PLCC 
(Mitel Lead Compatible) 
CD22M3494SQ -40°C to +85°C | 44 Lead PLCC 
(SGS Lead Compatible) 


e¢ Analog And Digital Multiplexers 
¢ Video Switching Networks 


Pinouts 
CD22M3494E CD22M3494MQ (PLCC) CD22M3494SQ (PLCC) 
(PDIP) (MITEL LEAD COMPATIBLE) (SGS LEAD COMPATIBLE) 
TOP VIEW TOP VIEW TOP VIEW 


= 
Oo 
O 
ALY 
—/ 
Lu 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2793.2 
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Block Diagram 
CS STROBE DATA RESET 
a ec e a Yop 
CE SRT a i aR 
AX0c 
rat 
0 710128 LEVEL 
pt DECODER LATCHES SHIFTERS 10-418 
AY1 © 
AY2 0 


Pin Descriptions 


DESCRIPTION 
POWER SUPPLIES 


Positive Supply 


17 Negative Supply (Digital) 


Negative Supply (Analog) 


< 
m 
m 


<i< 
| 


ADDRESS 


5, 24, 25, & 4 | X Address Lines. These pins select one of the 16 rows of switches. See the Truth Table 
for the valid addresses. 


AYO - AY2 26, 27,& 2 Y Address Lines. These pins select one of the 8 columns of switches. See the Truth Table 


for the valid addresses. 


DATA Input determines the state of the addressed switch. A high or one will close the 
switch. A low or zero will open the switch. 


STROBE Input enables the action defined by the DATA and ADDRESS Inputs. A low or 
zero results in no action. The ADDRESS Input must be stable before the STROBE Input 
goes to the active high level. The DATA Input must be stable on the failing edge of the 
STROBE. 


CONTROL 


DATA 


STROBE 


MASTER RESET. A high or one on this line opens all switches. 


” 


CHIP SELECT. Device is selected when CS is at a high level, allows the crosspoint array 
to be cascaded for matrix expanion. 


INPUTS/OUTPUTS 
X0 - X5 33 - 28 37 - 32 Analog or Digital Inputs/Outputs. These pins are the rows X0 - X15. 
X6 - X11 8-13 9-14 

X12 - X15 27, 26, 6,7 31, 30, 7,8 


Analog or Digital Inputs/Outputs. These pins are the columns YO - Y7. 
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Specifications CD22M3494 


Absolute Maximum Ratings 


DC Supply Voltage (Vpp): Pert ACW SOS 2 i os cde c bv eels ease ws 600mW 
(Voltages Referenced to Vec)........ 2. ee ee eee eee -0.5 to +16V (Package Type Q, 44 Lead PLCC) 
DC Supply Voltage (Vpp): Operating Temperature Range (T,): 
(Voltages Referenced to Vgg).... 1... cece cece eee ees -0.5, +16V Paeeee 1Y08 © BIN Qh Fs cic c ce eres euus -40°C to +85°C 
DC input Diode Currentiliy .....c. ccc ce desceccecsevees +20mA Storage Temperature Range (Tsjq)..........-- -65°C to +150°C 
(For V,, Digital < Vgg -0.5V or V,, Analog < Veg -0.5V or V; > Vpp +0.5V) Lead Temperature (Soldering 10 Sec.)..............05- +300°C 
DC Output Diode Current, lox ..... 2. cece ec ce cece eens +20mA 
or Vo > Vop +0.5V) 
DC Transmission Gate Current ................cc cece eens +25mA 
Power Dissipation Per Package (Po): 
POE Tg rt PO ae och bv ore cas vcacedesccgsane 500mW 

(Package Type E, 40 Pin Plastic DIP) 
For T, = +60°C to +85°C Derate Lineary..... 12mWPC to 200mW 


Recommended Operating Conditions 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the following ranges: 


LIMITS 


Supply Voltage Range (For T, = Full Package Temperature Range) Vgg = OV, Veg = OV, Vop dale do Aoife Meee 
DC Input or Output Voltage V, or Vo Vee Vop V 
Digital Input Voltage Vss Vop Vv 


Static Electrical Specifications (1, = -40°C to +85°C) Vp = 5V, Vg = OV, Veg = OV, Unless Otherwise Specified 


Supply Current 


High-Level Input Voltage ee ie | 
EA ee eee 


Low-Level Input Voltage 


Input Leakage Current, Digital Reset = Low (Note 1) 


TELECOM 


PARAMETERS SYMBOL CROSSPOINTS CONDITIONS 
ON Resistance Vss = Vee = 0V Vop = 10V 
Ta = +25°C, 
Vin = Vpp/2 
VX - VY = 0.2V Vpp = 12V 
ON Resistance Ty = -40°C to +85°C Vpp = 10V 
Vin = Vpp/2 
VX - VY = 0.2V Vpp = 12V 
Vss = Vee = OV 


Difference in ON Resistance between 
any two switches 
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Static Electrical Specifications (T, = -40°C to +85°C) Vpp = 12V, Vss = OV, Vee = OV, Unless Otherwise Specified (Continued) 


[PARAmerens | sywpon_| crossromrsconpmions | min | typ | MAX | UNITS | 


BOL 
Difference in ON Resistance between ARon Ta = -40°C to +85°C 
Vin = Vpp/2 
VX - VY = 0.2V Vpp = 12V 
Veg = Veg = OV 


any two switches 


NOTE: 
1. Reset |, < 20nA, Reset = Vi, 
2. At +25°C Limit is +100nA 


Dynamic Electrical Specifications (T, = +25°C), Vs = OV, Vee = OV, Vpp = 14V, C, = 50pF, Unless Otherwise Specified 


PARAMETERS CROSSPOINTS CONDITIONS | min | TYP | MAX | UNITS 
Switch VO Capactance Vin = Voo/2, f= 1MHz es ee Se 
Switch Feedthrough Capacitance Vin= Vpp/2,f=1MHz ° Pa dee 


Propagation Delay Time (switch ON) 
Signal Input to Output, tp, oF toy 4 


Frequency Response Channel ON C, = 3pF, R, = 75Q, Vin = 2Vp-p 
f = 20log (VX/VY) = -3dB 


Total Harmonic, Typ Vin = 2Vp.p, f = 1kKHz 


Feedthrough Channel OFF Vin = 2Vp.p, f = 1kHz 
Feedthrough = 20log (VX/VY) = For 


Frequency for Signal Crosstalk, fy 40dB, Vin = 2Vp.p, Ry = 75 
Attenuation of: 110dB, Vin = 2Vp.p, Ry = 1kQ Il 10pF 
Control Crosstalk Control Input = 3VP-P 


DATA-Input, ADDRESS, Square Wave, tp = te = 10ns 
or STROBE to Output Rin = 1K, Royt = 10kQ Il 10pF 


Dynamic Electrical Specifications 
(Ty = +25°C), Veg = OV, Veg = OV, Vpp = 14V, Ri, = 1kQ Il 50pF, Unless Otherwise Specified 


PARAMETERS | SYMBOL | CONTROLS CONDITIONS 
Digital Input Capacitance Vin = SV, f = 1MHz a es 


Propagation Delay Time STROBE to Output 
(Switch turn-ON) 
(Switch turn-OFF) 
DATA-in to Output 
(Turn-ON to high level) 
(Turn-ON to low level) 
ADDRESS to Output 
(Turn-ON to high level) 
(Turn-OFF to low level) 
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Dynamic Electrical Specifications 
(T, = +25°C), Vg = OV, Veg = OV, Vpp = 14V, R, = 1kQ Il 50pF, Unless Otherwise Specified (Continued) 


PARAMETERS SYMBOL | CONTROLSCONDITIONS | MIN | TYP | MAX | UNITS 


Set-up Time 
CS to STROBE 
DATA-in to STROBE 
ADDRESS to STROBE 
Hold Time 
STROBE to CS 
ADDRESS to CS 
STROBE to DATA-in 
STROBE to ADDRESS 
DATA-in to CS 


Pulse Width 
STROBE tspw 
RESET tapw 


PRESET TumOR wOumtdeay | he | ee 


Timing Diagram 


tcs tCH 


: coe d 


ADDRESS 


= 
STROBE 50% es 


RESET 
= 

SWITCH ) 90% N 

OUTPUT sei 
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CD22M3494 


TRUTH TABLE X AXIS TRUTH TABLE Y AXIS 


| X ADDRESS 


Y ADDRESS 
Y SWITCH 


To make a connection (close switch) between any two points, specify an “X” address, a “Y” address, set “Data” high, and 
switch “Strobe” from low to high. To break a connection, follow this same procedure with “Data” low. 


axe [axe | axt | Axo | ave [ avi | AvO 
2308 


Example: 
To connect switch X3 to switch Y4: 
To connect switch X6 to switch Y7: 
To break connection from X3 to Y4: 


Voltage and Resistance 
Ron V8 Vin 
at -55°C, +25°C and +85°C 
Veg = -6V, Vsg = OV, Vop = 6V 


ON RESISTANCE (0) 
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ee CD22859 


Monolithic Silicon COS/MOS 


March 1993 Dual-Tone Multifrequency Tone Generator 
Features Description 
e Mute Drivers On-Chip The CD22859 is a CMOS dual-tone multifrequency (DTMF) tone generator 


for use in dual-tone telephone dialing systems. The device can easily be 
interfaced to a standard push-button telephone keyboard to provide 
enabling operation directly with the telephone lines. 


e Device Power can Either be Regulated 
DC or Telephone Loop Current 


e Use of an Inexpensive 3.579545MHz TV 
Crystal Provides High Accuracy and 
Stability for all Frequencies 


The CD22859 generates standard DTMF sinusoidal dialing tones from an 
on-chip reference crystal oscillator. The reference oscillator uses an inex- 
pensive 3.579545MHz color TV crystal to create highly stable and accurate 


i z tones. The sinusoidal tones are digitally synthesized by a stair-step approxi- 
Applications mation. 


¢ For Use In Dual-tone Telephone Dialing One of four low-frequency band row tones and one of four high-frequency 
Systems band column tones are selected by driving one of the four row inputs and 
one of the four column inputs low. Simultaneous selection of more than one 

nt. beast input and/or more than one column input will inhibit tone generation, or 
Ordering Information generate a single-tone sinusoid. These operating modes are described in 


the functional truth table. 
PART TEMPERATURE 
NUMBER RANGE 
CD22859E | -40°C to +85°C | 16 Pin 
Plastic DIP 


Control logic is included to allow easy interface to standard K500-type 
telephones. Two CMOS outputs (Ty, Rx) capable of driving external pnp 
receiver and transmitter muting transistors are provided. A low input to the 
CD pin inhibits tone generation, turns off the reference oscillator and causes 
Ty and Ry outputs to go to logic ‘0’. During tone generation mode, CD = 1 
and Tx, Rx = logic 1. 


The row, column and CD inputs are provided with pull-up resistors to allow 
the use of SPST switch matrixes. 


Pinout 
CD22859 
PDIP 
TOP VIEW 
= 
ce] 
O 
uu 
ad 
Lu 
fe 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 1 257.2 
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Specifications CD22859 


Absolute Maximum Ratings Operating Conditions 
Supply Voltage (Vpp - Vgs)...-- eee cee ee cece ee eees -0.5to+12V Power Dissipation Per Output....................008- 100mW 
RE OI is cae vee awk cs is cvcaccace -0.5V to Vpp +0.5V Operating Temperature Range ................. -40°C to +85°C 
en Dissipation, Pp Storage Temperature Range.................. -65°C to +150°C 
ves. SR” Se, ds aS eas See 500mW 
ie +60°C to +85°C. . . . Derate Linearly at 1.2mW/°C to 200mW 
IGUOM: WANPIOOTMINO oe gixact sc cecscs eae easaa reas +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)................- +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Dynamic Electrical Specifications  T, = -25°C to +60°C, All Voltages Referenced to Vsg = OV 


PARAMETER (V) 


DC SUPPLY VOLTAGE 


Tone Generation Mode with Valid Input (Note 1) 


Non-Tone Generation (Note 2) 


OPERATING CURRENT 


Tone Generation Mode 
(Outputs Unloaded) 


No Keydown Mode 


Input Pull-Up Current 
Input Low Voltage (V;,) Maximum 


Input Low Voltage (Vj) Minimum 


Static Electrical Specifications 1, = -25°C to +60°C 


PARAMETER 


se 


TONE OUTPUTS (R, = 82Q) 


Vo; Dual-Tone Output 3.7 - 9.3 


Vo (C,); Single-Tone Output, Column (Note 3) 3.7 - 9.3 


Vo (R,); Single-Tone Output, Row (Note 4) 3.7 - 9.3 
Distortion (Note 5) 

Rise and Fall Time (Dual-Tone Out) (Note 6) 
Pre-Emphasis (Note 7) 


Output Frequency (Note 8) (Nom. -1%) 


4 - 
- 
. we 
a . 
- ~ 


(Nom. +1%) 


Specifications CD22859 


Static Electrical Specifications T, = -25°C to +60°C (Continued) 


PARAMETER 


MUTE OUTPUT CURRENT 


Transmitter 


lon (Source) 


lot (Sink) 


Receiver 


lon (Source) 


lot (Sink) 


NOTES: 


= 
. Mute switches remain open. 
. Two or more row inputs low and one column input low. 


af, © NM 


All logic and counters functional. 


. Two or more column inputs low and one row input low. 
. Distortion is defined as: The ratio of all extraneous frequency components generated in the voiceband 0.5kHz to 3kHz, to the power of 


the dual-tone signal, measure across R,. 


[(V,2+Vo2+... +V,2) 
Nj 2+V 2 


where V,, Vo... . V, are extraneous frequency components in the voiceband 0.5kHz to 3kHz, V, is the low-band frequency tone, and 
Vy is the high-band frequency tone. 


Distortion = 


. Tone rise time is defined as the time for each of the 2 DTMF frequencies to attain 90% of full amplitude, measured from the time when a 


row and column signal are driven low. 


. Pre-emphasis is the ratio of the high-group level to the low-group level. 
. Refer to Figure 1 for standard DTMF frequencies. 

. Corresponds to normal dual-tone operation. 

10. 


Corresponds to single-tone generation mode. 


= 
o 
oO 
Mu 
ad 
wy) 
- 
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CD22859 


COL1 COL2 COL3 COL4 


697 (699.1) 


770 (766.2) 


852 (847.4) 


941 (948.0) 


NOMINAL 
1209 1336 461477 ~=—:1633 PUT 


(1215.9) (1331.7) (1471.9) (1645.0) <—— pee 


FIGURE 1. BELL AND NOMINAL OUTPUT FREQUENCIES (IN PARENTHESIS) FOR 3.579545MHz CRYSTAL 


DTMF GENERATOR FUNCTIONAL TRUTH TABLE 


Coe ae re 


NUMBER OF ROW 
INPUTS ACTIVATED 


NUMBER OF 
COLUMN INPUTS 


» 


KEYBOARD MODE | ACTIVATED “LOW” 


1,2, 3, or 4 


Normal Dialing 
One Key Depressed 
(Note 9) 


Two or More Keys In 
Same Row 
(Note 10) 


Two or More Keys In 
Same Column 


Two or More Keys In 
Different Rows and 
Columns 


Single Column Tone 
Cg 


oe 
bs ics 
se 


Where: 
X = Do Not Care 
Ra refers to Tone Output frequencies corresponding to Row 1, Row 2, Row 3, Row 4; Cz refers to Tone Output frequencies corresponding 
to Column 1, Column 2, Column 3, Column 4. 
A=1,2,3,4 B=1,2,3,4 A=B,orA#B 
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CD22859 


Functional Diagram 


= 
eo) 
O 
Lu 
aad 
Lu 
- 


KEYPAD 


Be 
oa uo W# 
* © DD 


NETWORK 


FRAP AFAALP AAAS AAAAAAAAAAABAAABABDOAM:s 


Beeeeeaeheewseaeaefeeaeeaa 


FIGURE 2. INTERFACE WITH STANDARD K500 TELEPHONE NETWORK 
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CD74HC22106 
CD74HCT22106 


QMOS 8 x 8x 1 
Crosspoint Switch with Memory Control 


FARRIS 


SEMICONDUCTOR 


April 1993 


Features 
e¢ 64 Analog Switches in an 8 x 8 x 1 Array 
e On-Chip Line Decoder and Control Latches 


¢ Automatic Power-Up Reset by Using a 0.1,.F Capacitor 
at the MR Pin 


¢ Ron Resistanced 950 at Vec = 4.5V 
¢ Analog Signal Capability: Vpp/2 
e Wide Operating Temp. Range: -40°C to +85°C 


Family Features 


¢ CD74HC Types 
- 2V to 10V Operation 
- High Noise immunity: Ny = 30%, Ny, = 30% of Vpp; 
at Vpp = 5V and 10V 
¢ CD74HCT Types 
- 4.5V to 5.5V Operation 


- Direct LSTTL Input Logic Compatibility: V, = 0.8V 
Max, Vin = 2V Min 


- CMOS Input Compatibility: | < 1A at Vo,, Vox 


Pinout 


Description 


The CD74HC22106 and CD74HCT22106 are digitally 
controlled analog switches which utilize silicon-gate CMOS 
technology. The CD74HC22106 type features CMOS input- 
voltage-level compatibility and the CD74HCT22106 features 
LSTTL input-voltage-level compatibility. 


The Master Reset has an internal pull-up resistor and is 
normally used with a 0.1pF capacitor. During power up all 
switches are automatically reset. The crosspoint switches 
will reset with MR = 0 even if CE is high. A 6-bit address 
through a 6 line to 64 line decoder selects the transmission 
gate which can be turned on by applying a logical ONE to 
the DATA input and logical ZERO to the STROBE. Similarly, 
any transmission gate can be turned OFF by applying a 
logical ZERO to the DATA input while strobing the STROBE 
with a logical ZERO. 


The CE pin allows the crosspoint array to be cascaded for 
matrix expansion in both the X and Y directions. 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


CD74HC22106E -40°C to +85°C | 28 Lead Plastic DIP 
CD74HCT22106E -40°C to +85°C | 28 Lead Plastic DIP 


CD74HC22106, CD74HCT22106 
(PDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 1719.2 
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Specifications CD74HC22106, CD74HCT22106 


Absolute Maximum Ratings 
DC Supply Voltage (Vpp) 

Voltage Reference to Vss Terminal............. -0.5V to +11V 
DC Input Diode Current 

lk (for V; < -0.5 or V; > Vop hk FICE OCR ERR) +20mA 
DC Output Diode Current 

lox (For Vo < -0.5 or Vo > Vop WOM cab icca we aeee +20mMA 
DC Transmission Gate Current .............. cece ee eee eee +25mA 
Power Dissipation per Package (Pp) 

For Ts = -40°C to +60°C (Package Type E).............. 500mW 

For Ts = -60°C to +85°C (Package Type E)...... Derate Linearily at 

12mWPC to 200mW 

UMCMONE TORINO = isc cc kc aacageccscccsce +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)..............08- +300°C 


Operating Conditions 
Operating Temperature Range (T,) 

PRCKROG THE Bek c i ss des wcews seb ces es cv eve -40°C to +85°C 
Storage Temperature Range............... -65°C <Ty $+150°C 
Supply Voltage Range (for T, = Full Package Temp. Range) Vpp 

GORI Coleco oes cscischecsuvewacwee sa 2V to 10V 

SATAN IEE OO skewer ve cers cebest heer ons 4.5V to 5.5V 
DC Input or Output Voltage V;, Vo... 2... eee ee eee eee OV to Vop 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications V;, = GND 


CD74HC22106 


TEST -40°C to 
CONDITIONS +25°C +85°C CONDITIONS 
Vis Vpp 
PARAMETERS vv) |w TYP 


: 


6.3 | 
si 


High-Level Input Voltage 


Low-Level Input Voltage 


Input Leakage Current 
(Any Control) 


IL 


Quiescent Device Cur- 
rent, lec (with MR = 1) 


Off Leakage Current, |, 
(with MR = 1) 


“On” Resistance 


Ron 


“On” Resistance Be- 
tween Any Two Channels 


ARon 


TEST 


t 


ie) 
N 
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Specifications CD74HC22106, CD74HCT22106 


_ Dynamic Electrical Specifications V., = ov 


-40°C to +85°C 


4) 

RO 
oO 

= 

© 

+ 

© 

| 


a 
Bt 
E 
a 
LE 
5 
2 
a 


~ 
oO 


PARAMETERS SYMBOL 
CONTROLS 


Propagation Delay Time: 


Strobe to Output 
(Switch Turn-On to 
High Level) 


Data-in to Output 
(Turn-On to High Level) 


Address to Output 
(Turn-On to High Level) 


Propagation Delay Time: 


Strobe to Output 


Data-in to Output 
(Turn-On to Low Level) 


Address to Output 
(Turn-Off) 


> 
ol 


: > > 
wn on 


oO 


x 
o 


Minimum Set-Up Time 
(Data-In to Strobe 
Address) 


Minimum Hold Time 
(Data-in to Strobe 
Address) 

Minimum Strobe Pulse 
Width 


Maximum Switching Fo 
Frequency 


as 


Input (Control) C; 
Capacitance 


w 
~“ ™“ NI 


ao] 


Specifications CD74HC22106, CD74HCT22106 


Dynamic Electrical Specifications 


-40°C to Bee aes 


Propagation Delay 
Time, Signal Input to 
Output 


Switch Frequency 
Response at -3dB 


Crosstalk Between 
Any Two Channels 


Switch “OFF” -40dB 
Feed Through 
Frequency 


Total Harmonic THD = 
Distortion = 
R, = 


~ 


* 


Control to Switch 
Feed-Through Noise 
(DATA IN, Strobe, 
Address) 


Capacitance, 


= 
Oo 
oO 
Lu 
= 
Lu 
= 


mi 


Xn to GND 


Yn to GND 


als | 2falefefe 
<i|< 
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CD74HC22106, CD74HCT22106 


Functional Diagram 


2 Yo 
Oe) Bete eet 23 be BoP eee ea eee a 8 a a ae 
oY; 


PTH EH BSH ESH ESH BSH ESH Eck 
10 11 12 13 14 15 
2 Yo 
is S Bh aL aa at ee aL. X4 ae we a iat aa X7 ae 
aa a we gee 
0 Y3 


ico es Steet 


04 
BH EY EY EH EH EH EH Et 
32 33 34 35 36 37 38 39 
0 Ys 


— a meet id ace mae rr aaa aoe 
40 ay 42 43 45 46 


Sea ial etl 


a a Re ed ee ee 
56 57 58 59 60 61 62 63 


Xo X; XQ X3 X4 X5 X Xy 


CD74HC22106, CD74HCT22106 


TRUTH TABLE 


8 WOO3TSaL 
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CD74HC22106, CD74HCT22106 


Test Circuits and Waveforms 


ae eae ae 
DATA-IN THOS 50% 50% 
STROBE 9 
Vpp Vop a. 
Vis Vos DATAIN 5 
1kO Spr "Pa 
Vpp 
Vos 10% 


tpyz 
SW = ANY CROSSPOINT 


FIGURE 1. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(STROBE TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 


DATA-IN 
Vis Lani 
Yop DATA-IN 50% sai 
Vis Vos . oe ae tezH y —~ tpz 
110 50pF Vpp "J 90% 
Vos RE 10% 


SW=ANYCROSSPOINT == 


STROBE = GND 
FIGURE 2. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(DATA-IN TO SIGNAL OUTPUT, SWITCH TURN-ON TO HIGH OR LOW LEVEL) 
ADDRESS ADDRESS ADDRESS 


0 — 
Vpp ADDRESS = “0” Vop ADDRESS = “1” y 

DD 

DATA-IN 
Vis Vos! Vis Vos2 2 
DD 

Vos1 

1kQ 50pF 1kQ 50pF 


SW = ANY CROSSPOINT = 


STROBE = GND 


FIGURE 3. PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
(ADDRESS TO SIGNAL OUTPUT, SWITCH TURN-ON OR TURN-OFF) 
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CD74HC22106, CD74HCT22106 
Typical Application Information 


5V 
+*5V tc OR CMOS = 


ANALOG OUTPUT 
OV TO 5V 


#HC LOGIC FOR CMOS INPUTS Vss 


HCT LOGIC FOR TTL INPUTS = 
GND 


FIGURE 4. TYPICAL SINGLE SUPPLY CONNECTION FOR HC22106 


+5V CD4000A/B +5V 
CMOS BIPOLAR 
OUTPUT phn 


ANALOG OUTPUT 
-5V TO +5V 


= a ANALOG 


INPUT 
-5V TO +5V 


CONTROL 
INPUT 


ANALOG OUTPUT 
OV TO 10V 


ANALOG 
INPUT 


* FOR CMOS INPUT LEVELS USE HCo3 Locic TYPE °V TO 10V 
FOR TTL INPUT LEVELS USE HCT03 LOGIC TYPE an 


+5V +5V 


TTL TYPE 
OUTPUT CONTROL 
INPUT 


ANALOG OUTPUT 
OV TO 5V 


FIGURE 7. TYPICAL SINGLE SUPPLY CONNECTION FOR HCT22106 WITH TTL INPUT 
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CD74HC22106, CD74HCT22106 


Typical Performance Curves 


SWITCH “ON” RESISTANCE (Q) 


INPUT VOLTAGE (V) 


FIGURE 8. TYPICAL “ON” RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE vs TEMPERATURE 


CROSSTALK (dB) 
». 
ee 
fare os 
—— — a Levy 
ah & 
“ON” SWITCH ATTENUATION (dB) 


Balla ZAR 
ipo tp bag 
TTT TT AT crosstaux [Tl © 
CHIH 
Se eee ell 


10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 


FIGURE 10. TYPICAL “ON” SWITCH ATTENUATION AND 
CROSSTALK AS A FUNCTION OF FREQUENCY 


SWITCH “ON” RESISTANCE (Q) 


INPUT SIGNAL (V) 


FIGURE 9. TYPICAL “ON” RESISTANCE AS A FUNCTION OF 
INPUT SIGNAL VOLTAGE vs Vpp 


si oO 
°° PCC Io coyl* = 
o re) 
= -40 A 8 < 
g 50 ‘a 40 2 
: 60 & oo 
5 70 ia 5 
a Ee 

if go |. Vis™ 2Vp-p a a ug = 
i re." THETA Lit! 
sail aaninaaeaia ' 


10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 


FIGURE 11. TYPICAL “ON” SWITCH ATTENUATION AND “OFF” 
SWITCH FEED THROUGH AS A FUNCTION OF 
FREQUENCY 
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wo 


March 1993 


Features 


Pin For Pin Replacement For The HC-5502A 
Capable of +12V or +5V (VB+) Operation 
Monolithic Integrated Device 

e Di High Voltage Process 


¢ Compatible With Worldwide PBX Performance 
Requirements 


Controlled Supply of Battery Feed Current for Short 
Loops (30mA) 


e Internal Ring Relay Driver 
Low Power Consumption During Standby 


¢ Switch Hook, Ground Key and Ring Trip Detection 
Functions 


Selective Denial of Power to Subscriber Loops 


Applications 


¢ Solid State Line Interface Circuit for Analog and Digital 
PBX Systems 
¢ Direct Inward Dial (DID) Trunks 


e Voice Messaging PBX’s 


HC-5502B 


SLIC 
Subscriber Line Interface Circuit 


Description 


The Harris SLIC incorporates many of the BORSHT function on 
a single IC chip. This includes DC battery feed, a ring relay driver, 
supervisory and hybrid functions. This device is designed to 
maintain transmission performance in the presence of externally 
induced longitudinal currents. Using the unique Harris dielectric 
isolation process, the SLIC can operate directly with a wide 
range of station battery voltages. 

The SLIC also provides selective denial of power. If the PBX sys- 
tem becomes overloaded during an emergency, the SLIC will 
provide system protection by denying power to selected sub- 
scriber loops. 

The Harris SLIC is ideally suited for the design of new digital PBX 
systems, by eliminating bulky hybrid transformers. 


Ordering Information 


[PART NUMBER TEMPERATURE RANGE] PACKAGE _ 
0°C to +75°C 24 Lead Ceramic DIP 
HOAPS502B-9 
HC9B5502B-9 -40°C to +85°C 


is 


Pinouts 


HC-5502B 
(PDIP, CDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


HC-5502B 
(PLCC) 
TOP VIEW 


c1* 3 RX 
c3 [6! +IN 
DG LZ 4N 


ah4 ha 


na 112 
eg ef 


T: 


at SOPTIONAL 
le 
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Specifications HC-5502B 


Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage Relay Driver Voltage (Vpap) .....-. eee ee reece ceees +5V to +12V 
DE sai ines ek see ke EEN wold eons -60 to +0.5V Positive Supply Voltage (Vgt). .. .4.75V to 5.25V or 10.8V to 13.2V 
GAGE «eis piri nis a tate bs we pany ae natant wine ly pha ae -0.5to+15V Negative Supply Voltage (Vp-) ........6. cece eeees -42V to -58V 
PW as yak Cece din aN se Fees wer eae REN +75V _ High Level Logic Input Voltage ............. cece eens 2.4V 
Relay Drive Voltage (Vap) ....... 2. cece eee eee ees -0.5to+15V Low Level Logic Input Voltage... .... 2... ee eee ee eee 0.6V 
Junction Temperature (Ceramic) .............2eeeeeee +i7occ . Loop Rasistance (Fy) soc ic cc cece secweces 200 to 1200 
Junction Temperature (Plastic Package) ............... +150°C Operating Temperature Range 
Lead Temperature (Soldering 10 Sec.)...............4. +300°C OB sickes, a 55 gk ho ce ie eens 0°C to +75°C 
PIDs v's 0 oa ORV ORES Os F eaha ce beet -40°C to +85°C 
Storage Temperature Range.................. -65°C to +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Unless Otherwise Specified, Vg- = -48V, Vp+ = +12V and +5V, AG = BG = DG = OV, Typical Parameters 
Ta = +25°C. Min-Max Parameters are Over Operating Temperature Range. 


CS CP 
CL Ce 
Be 
= 
= 


A= 0g 0 
Otte tmen [Re WR Yr eV ag =OTN OE 


Fault Currents 
TIP and RING to Ground 


Ring Relay Drive Vo, lo. = 62mMA 
Ring Relay Driver Off Leakage Vap = +12V, RC = 1 = HIGH, Ty = +25°C 
Ring Trip Detection Period = 600Q, T, = +25°C 


Switch Hook Detection Threshold 


TIP to Ground 


RING to Ground 
TIP to RING 


47 
47 


| 


HD = Vo. 


| J 
i} il 


n 
z 
) 

> 

ae 


Ground Key Detection Threshold 


@) 
A 
oO 
" 
x 
2 


G) 


° 
x 


KD = V, 


Receive Input Impedance (Note 2) 
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Specifications HC-5502B 


Electrical Specifications Unless Otherwise Specified, Vg- = -48V, Vgt+ = +12V and +5V, AG = BG = DG = OV, Typical Parameters 
Ta = +25°C. Min-Max Parameters are Over Operating Temperature Range. (Continued) 


Two Wire Return Loss Referenced to 600Q +2.16yF 
(Note 2) 
SRL LO 
Longitudinal Balance 1Vays 200Hz - 3400Hz, (Note 2) 
2 Wire Off Hook IEEE Method 


0°C < Tas +75°C 
Low Frequency Longitudinal Balance R.E.A. Method, (Note 2) Pie 


R, = 6002, 


0°C < Ty $ +75°C 


Insertion Loss at 1kHz, OdBm Input Level, Referenced 600Q 
2 Wire - 4 Wire, 4 Wire - 2 Wire 
Frequency Response 200 - 3400Hz Referenced to Absolute 

Loss at 1kHz and 0dBm Signal Level (Note 2) 
Idle Channel Noise 
2 Wire - 4 Wire, 4 Wire - 2 Wire 


dBrnC 
dBm0p 


Absolute Delay (Note 2) 
2 Wire - 4 Wire, 4 Wire - 2 Wire 


Trans Hybrid Loss Balance Network Set Up for 600Q 
Termination at 1kKHz 


2 Wire - 4 Wire, 4 Wire - 2 Wire 
Vet =+12V 1.75 VpEak 

Level Linearity at 1kHz, (Note 2) Referenced to 0dBm Level 

2 Wire - 4 Wire, 4 Wire - 2 Wire +3 to -40dBm 
-40 to -50dBm +0.1 “ 
eo) 

-50 to -55dBm +0.3 © 

Power Supply Rejection Ratio (Note 2) i 


30 - 60Hz 
Vgt to 2 Wire R, = 600Q 


Vat to Transmit 
Vp- to 2 Wire 


Vp- to Transmit 


Vpt to 2 Wire 200 - 16kHz 
R, = 600Q 

Vat to Transmit 

Ve- to 2 Wire 


Vp- to Transmit 


Logic Input Current (RS, RC, PD) OV <s Vins +5V 


+100 
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Specifications HC-5502B 


Electrical Specifications Unless Otherwise Specified, Vg- = -48V, Vg+ = +12V and +5V, AG = BG = DG = OV, Typical Parameters 
T, = +25°C. Min-Max Parameters are Over Operating Temperature Range. (Continued) 


PARAMETER 


Logic Inputs 


Logic ‘0’ Vit 
Logic ‘1° Vin 
Logic Outputs 


Logic ‘0’ Vo, lLoap S00HA, Va+ = +12V, +5V 


ono 80HA, Vat = +12V rar [ae | tid 
ono 40UA, Vat = +8V pe | ace 


Logic ‘1’ Voy 


* ILong = Longitudinal Current 


Uncommitted Op Amp Specifications 


Co 
a 
a Ca 
a 

a 

> es ae 
Cr ea OTT a 
aoe a a 


NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterised upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec- 
ification compliance. 


Pin Descriptions 


28 PIN 24 PIN 
PLCC DIP/SOIC 


DESCRIPTION 


An analog input connected to the TIP (more positive) side of the subscriber loop through a 150Q 
feed resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from 
the telephone and for loop monitoring process. 


An analog input connected to the RING (more negative) side of the subscriber loop through a 
150Q feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals 
from the telephone and for loop monitoring purposes. 


Positive Voltage Source - Most positive supply. Vg+ is typically 12V or 5V. 
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HC-5502B 

Pin Descriptions (continue) 

28 PIN 24 PIN 

PLCC DIP/SOIC DESCRIPTION 

C1 Capacitor #1 - Optional Capacitor used to improve power supply rejection. This pin should be left open 
if unused. 

C3 Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Vg- supply. 
Typical value is 0.3yF, 30V. 


7 Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs 
and outputs on the SLIC. 


Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such 
that a positive transition occurs on the negative going zero crossing of the ring voltage source, 


7 
ensuring that the ring relay is activated and deactivated when the instantaneous ring voltage is 
near zero. If synchronization is not required, tie to +5V. 
Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 

TF Tip Feed - A low impedance analog output connected to the TIP terminal through a 150Q feed 
resistor. Functions with the RF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 

RF 


12 Ring Feed - A low impedance analog output connected to the RING terminal through a 150Q feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signal to the telephone 
set, and sink longitudinal current. 


Negative Voltage Source - Most negative supply. Vp- is typically -48 volts with an operational range 


of -42V to -58V. Frequently referred to as “battery”. 


Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled if the 
DC current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and 
disabled if this current difference is less than 10mA. 


Power Denial - A low active TTL - Compatible logic input. When enabled the switch hook detect 
(SHD) and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output is 
disabled. 


16 RC Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) 
output goes low on the next rising edge of the ring sync (RS) input, as long as the SLIC is not in 
the power denial state (PD = 0) or the subscriber is not already off- hook (SHD = 0). 

17 C2 Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 


Prevents false ground key indications from occurring during ring trip detection. Typical value is 
0.15uF, 10V. This capacitor is not used if ground key function is not required. 


_ 
N 


i) 
es 


NO 


OUT The analog output of the spare operational amplifier. 


The inverting analog input of the spare operational amplifier. 


+IN The non-inverting analog input of the spare operational amplifier. 


Receive Input, Four Wire Side - A high impedance analog input which is internally biased. Capac- 
itive coupling to this input is required. AC signals appearing at this input differentially drive the Tip 
feed and Ring feed amplifiers, which in turn drive tip and ring through 3000 of feed resistance on 
each side of the line. 
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TELECOM 


HC-5502B 


Pin Descriptions (Continued) 


DESCRIPTION 


Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. 
This capacitor prevents false ground key indication and false ring trip detection from occurring 
when longitudinal currents are induced onto the subscriber loop from nearby power lines and other 
noise sources. This capacitor is also required for the proper operation of ring trip detection. Typical 
value is 0.5uF to 1.0uF, 20V. This capacitor should be nonpolarized. 


Analog Ground - To be connected to zero potential and serves as a reference for the transmit out- 
put (TX) and receive input (RX) terminals. 


Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across Tip and Ring. Transhybrid balancing must be performed (using the SLIC microcir- 
cuit’s spare op amp) beyond this output to completely implement two to four wire conversion. This 
output is unbalanced and referenced to analog ground. Since the DC level of this output varies with 
loop current, capacitive coupling to the next stage is essential. 


No Internal Connection. 


NOTE: 


1. All grounds (AG, BG, & DG) must be applied before Vg+ or Vp-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 


Functional Diagram 
Flin Gaulote aaa ee beot 5 Speier ras 
RING RS ' ‘ 
VOLTAGE RINGSYNC >= TRIP *SHD SWITCH HOOK 
RINGCOMMAND >= LOOP Pi a Anca 
RD MONITORING ‘GKD GROUND KEY 
+ DETECTION 
RING : 
Lg RELAY ; 
1500 ‘TX, TRANSMIT 
; OUTPUT 
; 
Se 7 
‘ 
2 WIRE 
Loop Ve- !  — 
SECONDARY BATTERY 
PROTECTION FEED sabe 
=_BG} Si ; 
VB- } } 
|| | ite 3 
RR : 
ad UMITER 
RING © 
1502 ‘ s RX, RECEIVE 
PD ! il + INPUT 
POWER DENIAL 
: 
4 


FPF ASAAPAHAFSAAEBAAAAAABAASAAABAAAASAAZABAAEASAABAAABAAALAA 
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HC-5502B 


Schematic 


HC-5502B SLIC FUNCTIONAL SCHEMATIC 
Pin Numbers for DIP/SOIC Package 


VOLTAGE AND CURRENT 
BIAS NETWORK 


Ibi |p Is Iea ‘es Ibe 'e7 Iss Vear Ibo !e10 '511 


RING TRIP 


DETECTOR a eee 


GND SHORTS 
CURRENT 
LIMITING 


LOOP CURRENT 
LUMITING 


Iga 


LIMITING 


TELECOM 
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HC-5502B 


Logic Diagram 


HC-5502B LOGIC GATE SCHEMATIC 


LOGIC BIAS 


Die Characteristics 


ATENGIGION COURT... Fe tls whee pds o vc OBe ke ceed 183 
RCN SON hii e dole ks oe ice oc BBO baths sive Saws Ps 33 
EPO COMTIGMGIONIS oo ctewrucsmonhs 0c a den 9 Biles 137 x 102 mils 
IG PION ns 55s ee nc ve ve ch vce eeeen Ve: 
poo. eel ts F eee Serene Cormeen ee Bipolar-DI 
Thermal Constants (°C/W) Oya Bic 
URIS LIE. 5 5's 5 wha e ci ed odo Gc ace ee 52 15 
Pe LOTS 56a. < dns ad acess Ce de <4 22 
tS GS Ae: Niner ass Pee aeae 67 29 
SREY: SEE AS (Seep temas! “EMSC! + 76 24 


Overvoltage Protection and Longitudinal 
Current Protection 


The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 


High voltage surge conditions are as specified in Table 1. 


The SLIC will withstand longitudinal currents up to a 
maximum or 30mMApys, 15MARys per leg, without any 
performance degradation. 

TABLE 1 


ey al 
PARAMETER CONDITION (MAX) UNITS 
Longitudinal —| 10ys Rise/ 
100048 Fal 
Metallic Surge 10pus Rise/ 
ee lors 


sae 
T/GND 10us Rise/ 
50/60Hz Current 


11 Cycles 


Limited to 
10Arms 


R/GND 
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HC-5502B 


Applications Diagram 


VA AhannAnaAAsAshssAssAstsistsssAsssssiAsiata 
~ 74 L ¥e SYSTEM CONTROLLER 


av ef ut] de 


PTC BALANCE NETWORK 
RING GENERATOR us cs 
450V PEAK (MAX) lie 
ee A 
1 PCM 
TIP ¢ ms 128 FILTER [Sone 
vy, CODEC 
a er 13 54 
4 oeeg.ey ; 
SUBSCRIBER | PRIMARY 
Loop PRO- 17 
TECTION A 
— 22 


NEG. BATT. DIG. ANA. POS. 
RB; BATT. GND. GND. GND. SUPP] Icaic3ic2ici 


Wh 


FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 
Typical Component Values 


C1 =0.5uF (Note 1) R1 = R2 = R3 = 100kQ (0.1% Match Required, 1% absolute 
C2 = 0.15yF, 10V value), ZB = 0 for 600Q Terminations (Note 2) 
C3 = 0.3uF, 30V ah nha. : RB; = RB, = 150Q (0.1% Match Required, 1% 
C4 = 0.5UF to 1.0uF, 10%, 20V (Should be nonpolarized) —«-20Sdlute value) : 
C5 = 0.5uF 20V Rs = 1kQ, Cs = 0.1pF, 200V typically, depending on VrinaG 
oe and line length. 
a on te) H 
C6 = C7 = 0.5yF (10% Match Required) (Note 2), 20V Z1 = 150V to 200V transient protection. PTC used as ring 
C8 = 0.01pF, 100V generator ballast. 
C9 =0.01pF, 20V, +20% 
NOTES: 


1. C1 is an optional capacitor used to improve Vg+ supply rejection. This pin must be left open if unused. 


2. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7-ZB-R3, to match 
in impedance to within 0.3%. Thus, if C6 and C7 are 1.F each, a 20% match is adequate. It should be noted that the transmit output to 
C6 sees a -22V step when the loop is closed. Too large a value for C6 may produce an excessively long transient at the op amp output 
to the PCM Filter/CODEC. 


A 0.5uF and 100kQ gives a time constant of 50msec. The uncommitted op amp output is internally clamped to stay within +5.5V and 
also has current limiting protection. 


3. Secondary protection diode bridge recommended is a 2A, 200V type. 


4. All grounds (AG, BG, & DG) must be applied before Vg+ or Vp-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first 


5. Pin numbers given for DIP/SOIC package. 
Additional information is contained in Application Note 549, “The HC-550X Telephone SLICs” By Geoff Phillips. 
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Features 

¢ Pin for Pin Replacement for the HC-5504 
e Capable of +5V or +12V (V+) Operation 
e Monolithic Integrated Device 

e Di High Voltage Process 


¢ Compatible With Worldwide PBX Performance 
Requirements 


¢ Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 


Internal Ring Relay Driver 


Allows Interfacing With Negative Superimposed Ring- 
ing Systems 


¢ Low Power Consumption During Standby 


¢ Switch Hook Ground Key and Ring Trip Detection 
Functions 


¢ Selective Denial of Power to Subscriber Loops 


Applications 


¢ Solid State Line Interface Circuit for Analog and Digi- 
tal PBX Systems 


¢ Direct Inward Dial (DID) Trunks 
¢ Voice Messaging PBXs 


Description 


The Harris SLIC incorporates many of the BORSHT functions 
ona single IC chip. This includes DC battery feed, a ring relay 
driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance in the pres- 
ence of externally induced longitudinal currents. Using the 
unique Harris dielectric isolation process, the SLIC can oper- 
ate directly with a wide range of station battery voltages. 


The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the SLIC 
will provide system protection by denying power to selected 
subscriber loops. 


The Harris SLIC is ideally suited for the design of new digital 
PBX systems by eliminating bulky hybrid transformers. 


Ordering Information 


[__PART# | TEMP.RANGE | _PACKAGE _ 
HC3-5504B-5 0° to +75°C 


HC3-5504B-9 -40° to +85°C | 24 Lead Plastic DIP 
HC4P5504B-5 0° to +75°C 28 Lead PLCC 


Pinouts 


HC-5504B (PDIP, CDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 : 


TOP VIEW 


File Number 2886.1 
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Specifications HC-5504B 


Absolute Maximum Ratings (Note 1) 

Maximum Continuous Supply Voltages 
Vebissccrrcserenccirycrercorrepriaeeres -60 to +0.5 V 
ee sh cutis bi bce -0.5 to +15 V 
(Vat > Vep-) ee a ee ee ec a ee ee rrr reer ear +75V 

Relay Drive Voltage (Van) ........-. cece eee eecees -0.5 to +15V 

Junction Temperature Ceramic.............0.00ceeeee +175°C 

Junction Temperature Plastic.............c0cce ee eees +150°C 

Lead Temperature (Soldering 10 Sec.)...............-. +300°C 


Operating Conditions 
Operating Temperature Range 
NG-5504B-6 erin Veet Teme Eee Er es 0°C to +75°C 
ES EO RR RP rE Pe hm es ee -40°C to +85°C 
Storage Temperature Range................06. -65°C to 150°C 
Relay Driver Voltage (V_ap) ..... 2... eee cece eee eens +5 to +12V 
Positive Supply Voltage (Vg+)....... 4.75 to 5.25 or 10.8 to 13.2V 
Negative Supply Voltage (Vp-) .............eeeeeee -36 to -58V 
High Level Logic Input Voltage ............ 2c cee eee eeeee 2.4V 
Low Level Logic Input Voltage. ....... 2. ee eee eee eee eee 0.6V 
RANE POIIOW ATED 5 ccc ktecccescsecssesans sie 200 to 12002 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Unless Otherwise Specified, Vp- = -48V, Va+ = +12V and +5V, AG = BG = DG = OV, Typical Parameters 
Ta = +25°C. Min-Max Parameters are Over Operating Temperature Range. 


Fault Currents 
TIP to Ground 
RING to Ground 
TIP to RING 
TIP and RING to Ground 


Ring Relay Drive Vo, lo. = 62MA 


Dial Pulse Distortion 


Transmit Output Impedance 


Two Wire Return Loss 
SR, LO 


Longitudinal Balance 
2 Wire Off Hook 
2 Wire On Hook 
4 Wire Off Hook 


0°C < Ty s +75°C 


[PARAMETER | CONDITIONS | WIN] TWP _] MAX] UNITS | 
[On Hoek Power Dissipation [uous OVer =viavSSSCSCidSCSSS tO] 
[Off Hook Power Dissipation [= 6000, hona’=0,Vee=viov «d= 
CL a CEO ee a 
CL a CO ee ee 
Ca CVT Ge 
17.5 


Off Hook Loop Current R, = 1200Q, Vp- = -42V, liong*® = 0 
Ta = +25°C 
Off Hook Loop Current 2002, Itong” = 0 


Mees 
aay 
was 
— 
: meee 
[Ring Relay Driver Of Leakage [Vp = #12, RC=1 = HIGH, = 25+ 
ee 
Swich Hook Detection Threshold <a caer ee i 
Cc 0 aaa (i eR 

Ground Key Detection Threshol SS 
<A a a eee ie ma 

[Loop Gurent During Power Denial | =2000_~SSCS~S 
Se ns 

os 

eich 

peeat tl 

bac 

Fo 


Recave Input Impedance — 


(Referenced to 600Q + 2.16uF), (Note 2) 


1Vaus 200HZ - 3400Hz, (Note 2) IEEE Method 


PERE El ebfePfee 


Pe 
=) 
a 


mse lle Pie epi 


w 


d 
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Specifications HC-5504B 


Electrical Specifications Unless Otherwise Specified, Vp- = -48V, Vg+ = +12V and +5V, AG = BG = DG = OV, Typical Parameters 
Ts = +25°C. Min-Max Parameters are Over Operating Temperature Range. (Continued) 


[PARAMETER] CONDITIONS MIN, | TP | MAX _| UNITS | 
Low Frequency Longitudinal Balance R.E.A. Method, (Note 2), R, = 6002 ae ee ee 
0°C < Ths 475°C ee ee 


Insertion Loss at 1kHz, 0dBm Input Level, Referenced 600Q 
2 Wire - 4 Wire, 4 Wire - 2 Wire +0.05 


Frequency Response 200 - 3400Hz Referenced to Absolute Loss at +0.02 +0.05 
1kHz and 0d%m Signal Level (Note 2) 


Idle Channel Noise (Note 2) 
2 Wire - 4 Wire, 4 Wire - 2 Wire 


dBrnC 


-89 


Absolute Delay (Note 2) 
2 Wire - 4 Wire, 4 Wire - 2 Wire 
Trans Hybrid Loss Balance Network Set Up for 600Q Termination at 
1kHz 


Overioad Level 
2 Wire - 4 Wire, 4 Wire - 2 Wire Vat = +12V ; 


Level Linearity At 1kHz, (Note 2) Referenced to 0dBm Level aa, 
2 Wire - 4 Wire, 4 Wire - 2 Wire +3 to -40dBm +0.05 

40.1 

“50 to -55dBm 40.3 | 

Power Supply Rejection Ratio (Note 2) ae 

Vpt to 2 Wire 30 - 60Hz, R, = 6002 

Vat to Transmit p> BaveN 

Vp: to 2 Wire Dine 4 

Vp- to Transmit meee 

Vp+ to 2 Wire 200 - 16kHz, Ry = 6002 res 


eet 
rary 
giac: 


Vgt to Transmit 
Ve- to 2 Wire 
Vp- to Transmit 


Logic Input Current (RS, RC, PD) OV <Viy s+ 5V 


Logic Inputs 
lLoaD 800yA, Vat = +1 2V, +5V 


Logic ‘0’ Vi, 
lLoaD 80yA, Vet = +12V ° 


Logic ‘1’ Viy 
lLoAD 40uA, Vet = +5V 


_ 
uo 


Logic Outputs 
Logic ‘0’ Voi 
Logic ‘1’ Voy 


Vv 
V 
V 
V 


ds Hi llteltelsfel= lols Hel ole [ait 
ap S 


Vv 


nh 
NI 


* lLone = Longitudinal Current 
NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 
2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec- 
ification compliance. 
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Specifications HC-5504B 


Uncommitted Op Amp Specifications 


28 PIN 
PLCC 


An analog input connected to the TIP (more positive) side of the subscriber loop through a 150Q feed 
resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 


An analog input connected to the RING (more negative) side of the subscriber loop through a 150Q 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 


Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal is insert- 
ed into the line at this node and RF is isolated from RFS via a relay. 


+ Positive Voltage Source - Most positive supply. Vg+ is typically 12V or 5V. 


Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Vp-. Typical value 
is 0.3puF, 30V. 


7 Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs and 
outputs on the SLIC microcircuit. 


7 Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such that 
a positive pulse transition occurs on the zero crossing of the ring voltage source, as it appears at the 
RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going zero 
crossing and for Ring injected systems, on the positive going zero crossing. This ensures that the ring 
relay activates and deactivates when the instantaneous ring voltage is near zero. If synchronization is 
not required, the pin should be tied to +5V. 
Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 
sink longitudinal current. 
Ring Feed - A low impedance analog output connected to the RING terminal through a 150Q feed 

Vp- Negative Voltage Source - Most negative supply. Vz- is typically -48V with an operational range of 
-42V to -58V. Frequently referred to as “battery”. 
Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
into this ground terminal. 
Power Denial - A low active TTL - Compatible logic input. When enabled, the switch hook detect (SHD) 
and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output is disabled. 
8-93 


TF Tip Feed - A low impedance analog output connected to the TIP terminal through a 150Q feed resistor. 
Functions with the RF terminal to provide loop current, feed voice signals to the telephone set, and 
RF 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 
Switch Hook Detection - A low active LS TTL - compatible logic output. This output is enabled for loop 
currents exceeding 10mA and disabled for loop currents less than 5mA. 
17 Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled if the DC 
current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and disabled 
if this current difference is less than 10mA. 
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Specifications HC-5504B 


put goes low on the next high level of the ring sync (RS) input, as long as the SLIC is not in the power 
denial state (PD = 0) or the subscriber is not already off- hook (SHD = 0). 
17 2 
connected to digital ground. 
OUT | The analog output of the spare operational amplifier. The output voltage swing is typically +5V. 


Pin Descriptions (Continued) 
Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. Pre- 
The inverting analog input of the spare operational amplifier 


28 PIN 24 PIN 
PLCC DIP/SOIC DESCRIPTION 
vents false ground key indications from occurring during ring trip detection. Typical value is 0.15pF, 


a eae ee Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) out- 
Cc 
10V. This capacitor is not used if ground key function is not required and (Pin 17) may be left open or 
The non-inverting analog input of the spare operational amplifier 


Receive Input, Four Wire Side - A high impedance analog input which is internally biased. Capacitive 
coupling to this input is required. AC signals appearing at this input differentially drive the Tip feed and 
Ring feed terminals, which in turn drive tip and ring through 300Q of feed resistance on each side of 
the line. 


Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key indication and false ring trip detection from occurring when longi- 
tudinal currents are induced onto the subscriber loop from near by power lines and other noise sourc- 
es. This capacitor is also required for the proper operation of ring trip detection. Typical value is 0.5pF, 
to 1.0yF, 20V. This capacitor should be nonpolarized. 


Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across Tip and Ring. Transhybrid balancing must be performed (using the SLIC microcircuit's 
spare op amp) beyond this output to completely implement two to four wire conversion. This output is 
unbalanced and referenced to analog ground. Since the DC level of this output varies with loop cur- 
rent, capacitive coupling to the next stage is essential. 


wishes to run separate grounds off a line card, the AG must be applied first. 


Functional Diagram 
isda betes ogee: sickest pa nea Patent. ween chess ite agent a beget, at ary ales pated ; 
iia RING 
Yussades it RC! RING = L = bolle 
oop ; 
RING COMMAND : jaiee 
AD CONTROL MONITORING Le D GROUND KEY 

7 seo DETECTION 
1/2 RING ———___}—] | ; 
Uy RELAY ‘ 

‘TX _ TRANSMIT 

f OUTPUT 
re ark al | 
H 
2 WIRE ‘ 
LOoP agen 7 
SECONDARY BATTERY 
PROTECTION FEED ‘OUT 

—— << ! 
Ve- ' 


1500 RING } <j RX. RECEIVE 
VOLTAGE POWER DENIAL >——4 SLIC MICROCIRCUIT 
SOPRA AAAEAAODS ELE LALO P EEE EOE OOO 4 


Ve- 
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HC-5504B 


Schematic 


SLIC FUNCTIONAL SCHEMATIC 
(DIP/SOIC PIN NUMBERS SHOWN) 


20 19 18 
ia jour | 
VpB+ — * 


21 22 11 12 23 6 r | 
V BAT DIG 
BAT GND GND 
= \/ 


VOLTAGE & CURRENT 
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HC-5504B 


Schematic (Continued) 


LOGIC GATE SCHEMATIC 


LOGIC BIAS 


Die Characteristics 


Transistor Count ....3 «2.9. (ese. ee... ee 185 
pO Sot) SSG Bg be te ie Cen See RM en 36 
Lee MOONNG 5. kv hs & os bapeth Bae shee et sae 137 x 102 
Substrate'Potential .. 2... 8 ea we ele ete Connected 
>). 3p) SR ee De Peis: ee cs eiaeal Sar Bipolar-DI 
Thermal Constants (°C/W) Bin Bic 
Ceramic DIP. FP like cc che ck ees 52 15 
NE eek ge chy coy ghey ain ore 52 22 
PG a cai ae As ck eee eee sae 67 29 
BE Sia Pike Toe use bee al 76 29 


Overvoltage Protection and Longitudinal 
Current Protection 


The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 


High voltage surge conditions are as specified in Table 1. 


The SLIC will withstand longitudinal currents up to a maxi- 
mum or 30mArms, 15mArms per leg, without any perfor- 
mance degradation. 


TABLE 1 


TEST PERFORMANCE 
PARAMETER CONDITION (MAX) UNITS 


Longitudinal 10us Rise/ +1000 (Plastic) 
Surge 1000ps Fall 


Metallic Surge _| 10us Rise/ 
oe om 1000ps Fall 
TIGND 10us Rise/ 
os 
50/60Hz Current 

T/GND 


+500 (Ceramic) 
R/GND 


700 (Plastic) 
350 (Ceramic) 


11 Cycles 


Limited to 
10Arms 


HC-5504B 


Applications Diagram 


+5V TO 
petty SYSTEM CONTROLLER 


noc Call 


POWER SWITCH GROUND RING RING BALANCE NETWORK 


HOOK KEY SYNC sigal F 
8] a5 Detect Detect 
TP ri Pa GC yes 
SWITCHING 
paTeW 
HC-5504 CODEC NETWORK 
PRIM 
hop PRatTEC- 


RING FEED SENSE 


NEG. BATT. DIG. ANA. 
BATT. GND. GND. GND. 

C4 |C3 C2 
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. bedi 
4 Fou raga 


FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


Typical Component Values 


C2 =0.15pF, 10V R1 = R2 = R3 = 100k (0.1% Match Required, 1% absolute - 

C3 = 0.3uF, 30V value) ZB = 0 for 600Q Terminations (Note 2) 

C4 = 0.5uF to 1.0NF, 10%, 20V (Should be nonpolarized)  - RB, = RB = RB3 = RB, = 15002 (0.1% Match Required, 1% 
absolute value) 

C5 = 0.5yF, 20V ss ede ‘a 

C6 = C7 = 0.5yuF (10% Match Required) (Note 2) 61 ™ Figo =1KX), typically. 

C8 = 0.01pF, 100V Cs; = Coo = 0.1pF, 200V typically, depending on Vaing and 


line length. 
C9 = 0.01pF, 20V, t20% Z, = 150V to 200V transient protection. 


PTC used as ring generator ballast. 


= 
O 
O 
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NOTES: 
1. Secondary protection diode bridge recommended is a 2A, 200V type. 


2. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7-ZB-R3, to match 
in impedance to within 0.3%. Thus, if C6 and C7 are 1F each, a 20% match is adequate. It should be noted that the transmit output to 
C6 sees a -22V step when the loop is closed. Too large a value for C6 may produce an excessively long transient at the op amp output 
to the PCM Filter/CODEC. 


A 0.5UF and 100kQ gives a time constant of 50msec. The uncommitted op amp output is internally clamped to stay within +5.5V and 
also has current limiting protection. 


3. All grounds (AG, BG, & DG) must be applied before V+ or Vg-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first 


4. Application shows Ring Injected Ringing, Balanced or Tip injected configuration may be used. 
5. Pin numbers given for DIP/SOIC package. 


Additional information is contained in Application Note 549, “The HC-550X Telephone SLICs” By Geoff Phillips 
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Features 

¢ Pin for Pin Replacement for the HC-5504 
e Capable of +5V or +12V (V,+) Operation 
¢ Monolithic Integrated Device 

¢ DI High Voltage Process 


¢ Compatible With Worldwide PBX Performance 
Requirements 


¢ Controlled Supply of Battery Feed Current for Short 
Loops (41mA) 


internal Ring Relay Driver 


Allows Interfacing With Negative Superimposed Ring- 
ing Systems 


¢ Low Power Consumption During Standby 


¢ Switch Hook Ground Key and Ring Trip Detection 
Functions 


¢ Selective Denial of Power to Subscriber Loops 


Applications 


¢ Solid State Line Interface Circuit for Analog and Digi- 
tal PBX Systems 


¢ Direct Inward Dial (DID) Trunks 
e Voice Messaging PBXs 
¢ Allows Multi-Phone Operation 


Pinouts 


HC-5504DLC (PDIP, CDIP, SOIC) 
TOP VIEW 


Description 


The Harris SLIC incorporates many of the BORSHT functions 
on a single IC chip. This includes DC battery feed, a ring relay 
driver, supervisory and hybrid functions. This device is 
designed to maintain transmission performance in the pres- 
ence of externally induced longitudinal currents. Using the 
unique Harris dielectric isolation process, the SLIC can oper- 
ate directly with a wide range of station battery voltages. 


The SLIC also provides selective denial of power. If the PBX 
system becomes overloaded during an emergency, the SLIC 
will provide system protection by denying power to selected 
subscriber loops. 


The Harris SLIC is ideally suited for the design of new digital 
PBX systems by eliminating bulky hybrid transformers. 


Ordering Information 


ee [| none 
NUMBER RANGE 
HC9P5504DLC-9 | -40° to +85°C 


HC-5504DLC (PLCC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 8.98 
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Specifications HC-5504DLC 


Absolute Maximum Ratings (Note 1) Operating Conditions 
Maximum Continuous Supply Voltages Operating Temperature Range 
So SCTE gSR EES PARE SWE PERE IOEE SAUTE S EERE -60 to +0.5 V EEE re re oe ore eee ees 0°C to +75°C 
9 SE ee aie Ss a BR Ape PS oe tee -0.5 to +15 V ec lanmecae -40°C to +85°C 
CME Wiehe Cis 6 ois 0B ia abs ics cee hous teacess clues +75V Storage Temperature Range...............006. -65°C to 150°C 
Relay Drive Voltage (Vpap) .........- eee ce cee eeees -0.5to+15V Relay Driver Voltage (Vpap) ..... 2... cece cee eee eens +5 to +12V 
Junction Temperature Ceramic. ............. 0c eee eees +175°C Positive Supply Voltage (Vp+)....... 4.75 to 5.25 or 10.8 to 13.2V 
Junction Temperature Plastic. ........... ccc cee ee eees +150°C Negative Supply Voltage (Vp-) .......... cece eee -42 to -58V 
Lead Temperature (Soldering 10 Sec.)...............6. +300°C High Level Logic Input Voltage .............. eee ee eee eee 2.4V 
Low Level Logic Input Voltage... ........ cc ee cece eens 0.6V 
ERM) SUMBUIUTIGD TLS bie cece cececcesesecveenee 200 to 1200 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Unless Otherwise Specified, Vg- = -48V, Va+ = +12V and +5V, AG = BG = DG = OV, Typical Parameters 
Ta, = +25°C. Min-Max Parameters are Over Operating Temperature Range. 


PARAMETER] conpiions in [tye [max | unis | 
aL Le A 
Ri = 6009, Iona” = 0, Vat = +12V 

Ri = ; = 


Off Hook I 
Off Hook Loop Current Ri = 1200Q, lLong* = 0 


Off Hook Loop Current Re = 1200Q, Ve- = -42V, lLone” =0 17.5 
Ta = +25°C 


Off Hook Loop Current Ri = 200Q, long” = 0 


Fault Currents 
TIP to Ground 


ae bl seb p lee 


TIP to RING 


RING to Ground eae oes 


TIP and RING to Ground 


Ring Relay Drive Vo, lo. = 62mMA 
Ring Relay Driver Off Leakage Vap = +12V, RC = 1 = HIGH, Ty = +25°C 


PERE 


2 
a 
a 


Ring Trip Detection Period Ri = 600Q 


On Hook Ringing Current pa | 


= 
eee 
Rees 
aes 
So 
see 
pon no 
Switch Hook Detection Threshold et 
Kala ee on ee 

Ground Key Detection Threshold GKD = Vo, oe 
ee ee 

[Loop Current During Power Denial = |,=2000 Te 
ee Se ee ee ee ee ee 
> 

co 

pda 

eel aes 

a 

ames 


(Referenced to 600Q + 2.16uF), (Note 2) 


Two Wire Return Loss 
SR, LO 


1Vams 200Hz - 3400Hz, (Note 2) IEEE Method 


Longitudinal Balance 
2 Wire Off Hook 
2 Wire On Hook 
4 Wire Off Hook 


else bfels Fle P lle 


0°C < Ta < +75°C 
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Specifications HC-5504DLC 


Electrical Specifications Unless Otherwise Specified, Vp- = -48V, Vgt+ = +12V and +5V, AG = BG = DG = OV, Typical Parameters 
T, = +25°C. Min-Max Parameters are Over Operating Temperature Range. (Continued) 


PARAMETER | CONDITIONS MIN | ve | MAX | UNITS | 
Low Frequency Longitudinal Balance R.E.A. Method, (Note 2), R, = 600Q ees eee ee ee 
nave 2h da Ga Py ae 


Insertion Loss at 1kKHz, OdBm Input Level, Referenced 600Q 
2 Wire - 4 Wire, 4 Wire - 2 Wire 


Frequency Response 200 - 3400Hz Referenced to Absolute Loss at 
1kHz and 0dBm Signal Level (Note 2) 


Idle Channel Noise (Note 2) 
2 Wire - 4 Wire, 4 Wire - 2 Wire 
Absolute Delay 
2 Wire - 4 Wire, 4 Wire - 2 Wire 
Trans Hybrid Loss Balance Network Set Up for 600Q Termination at 
1kHz 


Gverioad Level 
2 Wire - 4 Wire, 4 Wire - 2 Wire Vat = +12V 1.75 


Level Linearity At 1kHz, (Note 2) Referenced to 0dBm Level 
2 Wire - 4 Wire, 4 Wire - 2 Wire +3 to -40dBm 


-50 to -55dBm 


(Note 2) 


dBrnC 


Power Supply Rejection Ratio 
Vpgt to 2 Wire 
Vt to Transmit 
Vp- to 2 Wire 
Vp- to Transmit 
Vpt to 2 Wire 
Vpt to Transmit 
Vp- to 2 Wire 


200 - 16kHz R, = 600Q 
Vp- to Transmit 


30 - 60Hz, R, = 6002 


Logic Input Current (RS, RC, PD) OV< Vin s+5V 


ae ismmme 218 


Logic ‘0’ V;, 
ILoAD 800A Vet = +12V, +5V 


lLoaD 80pA, Vet = +12V 
ILOAD 40yA, Vet = +5V 


Logic Outputs 
Logic ‘0’ Voi 
Logic “4? Vou 


nN 
Ht | 
o}1|o 


He Bs & 
8 8 & 


<j< 8 
<|<|< a eee = Hat FI 
no) 


N 
N 


* lLong = Longitudinal Current 
NOTES: 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 

2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec- 
ification compliance. 
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Specifications HC-5504DLC 


Uncommitted Op Amp Specifications 
PARAMETER 


(Note 2) 
R, = 10K, Vgt = +12V 


Ry = 10K, Vet +5V 
Avot = 1 (Note 2) 


28 PIN 24 PIN 
PLCC DIP/SOIC 


SYMBOL 
IP 


An analog input connected to the TIP (more positive) side of the subscriber loop through a 150Q feed 
resistor and a ring relay contact. Functions with the Ring terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 


An analog input connected to the RING (more negative) side of the subscriber loop through a 150Q 
feed resistor and a ring relay contact. Functions with the Tip terminal to receive voice signals from the 
telephone and for loop monitoring purposes. 


Senses ring side of loop for ground key and ring trip detection. During ringing, the ring signal is insert- 


RFS 
cca sete big ed into the line at this node and RF is isolated from RFS via a relay. 


SE RE ES BS a Positive Voltage Source - Most positive supply. Vg+ is typically 12V or 5V. 


C3 Capacitor #3 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function, and for filtering Vg-. Typical value 
is 0.3pF, 30V. 
z Digital Ground - To be connected to zero potential and serves as a reference for all digital inputs and 
outputs on the SLIC microcircuit. 


Ring Synchronization Input - A TTL - compatible clock input. The clock should be arranged such that 
a positive pulse transition occurs on the zero crossing of the ring voltage source, as it appears at the 
RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative going zero 
crossing and for Ring injected systems, on the positive going zero crossing. This ensures that the ring 
relay activates and deactivates when the instantaneous ring voltage is near zero. If synchronization is 
not required, the pin should be tied to +5V. 


Relay Driver - A low active open collector logic output. When enabled, the external ring relay is 
energized. 


Tip Feed - A low impedance analog output connected to the TIP terminal through a 150Q feed resistor. 
Functions with the RF terminal to provide loop current, feed voice signals to the telephone set, and 
sink longitudinal current. 


Ring Feed - A low impedance analog output connected to the RING terminal through a 150Q feed 
resistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and sink longitudinal current. 


TF 
RF 
Ve- Negative Voltage Source - Most negative supply. Vp- is typically -48V with an operational range of 
-42V to -58V. Frequently referred to as “battery”. 


Switch Hook Detection - A low active LS TTL - compatible logic output. 


Ground Key Detection - A low active LS TTL - compatible logic output. This output is enabled if the DC 
current into the ring lead exceeds the DC current out of the tip lead by more than 20mA, and disabled 
if this current difference is below an internally set threshold. 


Power Denial - A low active TTL - Compatible logic input. When enabled, the switch hook detect (SHD) 
and ground key detect (GKD) are not necessarily valid, and the relay driver (RD) output is disabled. 


Ring Command - A low active TTL - Compatible logic input. When enabled, the relay driver (RD) 
output goes low on the next high level of the ring sync (RS) input, as long as the SLIC is not in the 
power denial state (PD = 0) or the subscriber is not already off- hook (SHD = 0). 


E= 
tard ell 
pe be ee 
tals 
aa 
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Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
into this ground terminal. 
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Specifications HC-5504DLC 


Pin Descriptions (Continued) 


28 PIN 24 PIN 
PLCC DIP/SOIC | SYMBOL DESCRIPTION 
7 C2 


1 Capacitor #2 - An external capacitor to be connected between this terminal and digital ground. 
Prevents false ground key indications from occurring during ring trip detection. Typical value is 0.15pF, 
10V. This capacitor is not used if ground key function is not required and (Pin 17) may be left open or 
connected to digital ground. 


ae. ee Be ee ee The analog output of the spare operational amplifier. The output voltage swing is typically +5V. 
a | -IN__ | The inverting analog input of the spare operational amplifier. 
The non-inverting analog input of the spare operational amplifier. 


Receive Input, Four Wire Side - A high impedance analog input which is internally biased. Capacitive 
coupling to this input is required. AC signals appearing at this input differentially drive the Tip feed and 
Ring feed terminals, which in turn drive tip and ring through 300Q of feed resistance on each side of 


Capacitor #4 - An external capacitor to be connected between this terminal and analog ground. This 
capacitor prevents false ground key indication and false ring trip detection from occurring when 
longitudinal currents are induced onto the subscriber loop from near by power lines and other noise 
sources. This capacitor is also required for the proper operation of ring trip detection. Typical value is 
0.5y1F, to 1.0F, 20V. This capacitor should be nonpolarized. 


27 Analog Ground - To be connected to zero potential and serves as a reference for the transmit output 
(TX) and receive input (RX) terminals. 


™ Transmit Output, Four Wire Side - A low impedance analog output which represents the differential 
voltage across Tip and Ring. Transhybrid balancing must be performed (using the SLIC microcircuit’s 
Spare op amp) beyond this output to completely implement two to four wire conversion. This output is 
unbalanced and referenced to analog ground. Since the DC level of this output varies with loop 
current, capacitive coupling to the next stage is essential. 


Fi vl eee Mey one No Internal Connection. 


NOTE: All grounds (AG, BG, & DG) must be applied before Vg+ or Vp-. Failure to do so may result in premature failure of the part. If a user 
wishes to run separate grounds off a line card, the AG must be applied first. 


Functional Diagram 
Acted oho Lin Sohn en etheiahesbcaieatieg si tei oa oan atts lah as tata ny acisked ota Serengeti ata tear 
he! RING 
RING SYNC >——+ TRIP 1SHD SWITCH HOOK 
nuit: CoabbeAhiy Sots LOOP ‘+ DETECTION 
AD! MONITORING ‘GKD Grounp KEY 
V ; DETECTION 
>] 1/2 RING ; 
“di RELAY ‘ 
1 TX. TRANSMIT 
OUTPUT 
2 WIRE 
Loop 
SECONDARY 
PROTECTION dine 
Ve | 


LOOP 
CURRENT 


$ 
122 RING 
RING Loe 
1502 RING | <j 
RING Bp ! 
] 


DRIVERS 


RX, RECEIVE 
INPUT 


VOLTAGE ~ POWER DENIAL SLIC MICROCIRCUIT 
VB- 


BBWVVeeZGeeesx4weseGeeeesaeqCeeeseaheeceeeaeeeeeaaeaa 
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HC-5504DLC 


Schematic 


SLIC FUNCTIONAL SCHEMATIC 
(DIP/SOIC PIN NUMBERS SHOWN) 


VOLTAGE & CURRENT 
BIAS NETWORK 


GND SHORTS 
CURRENT 
LIMITING 


SWITCH HOOK 


= 
o 
O 
Lu 
nod 
Lid 
jes 
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HC-5504DLC 


Schematic (Continued) 


LOGIC GATE SCHEMATIC 


TTL TTL 
TO TO 
STTL & STTL 


TO 

STTL 
Ai ni LN 
Rs] [Re 


TTL 


\/ 
>} ) 
eS EY 


Cc TO TO 
B TTL TTL 
eee 
B 
¢ + [Ro] [Sm] [ax 


SCHOTTKY LOGIC 


Die Characteristics 


Transistor Count .4. 3.0. AO SS... sere a. 185 
MOONS 4. eck ELL ss cube dc coe ephO eet dk 36 
CI CMONGIONS . 4 6 oka. Laie P i doa cle. es 137 x 102 
Substrate Potential . 2.2... 0... 6 caves. Connected 
eR a ee be ba Bipolar-DI 
Thermal Constants (°C/W) Bsa Bic 
Ceramic DIP et ts. ob ccs ke abe 52 15 
RRS Sarai Seeetoane fi 52 22 
WEN kes ie GBS ho as coe tee 67 29 
ME ied sO oe a ON 76 24 


Overvoltage Protection and Longitudinal 
Current Protection 


The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 


High voltage surge conditions are as specified in Table 1. 


The SLIC will withstand longitudinal currents up to a maxi- 
mum or 30mArms, 15mArms per leg, without any perfor- 
mance degradation. 


TABLE 1 


TEST PERFORMANCE 
PARAMETER CONDITION (MAX) 


Longitudinal —_| 10s Rise/ +1000 (Plastic) 
2 taht 1000us/Fall | +500 (Ceramic) 


Metallic Surge _| 10us Rise/ +1000 (Plastic) 
1000p Fall +500 (Ceramic) 


T/GND 10ps Rise/ 
R/GND 1000s Fall 
50/60Hz Current 


T/GND 
R/GND 


+1000 (Plastic) 
+500 (Ceramic) 


350 (Ceramic) 


11 Cycles 


Limited to 
10Arms 
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HC-5504DLC 


Applications Diagram 


+5V TO 
a12V SYSTEM CONTROLLER 


ey 


POWER SWITCH GROUND RING RING 
KEY SYNC CMD 


BALANCE NETWORK 


TIP K1A RB1 1 


PCM 
SLIC ZB SWITCHING 


PRIMARY 
SUBSCRIBER | poorec. 
Aba RH 
TION RING FEED 17 
3 
RING FEED SENSE 5 
22 
: NEG. BATT. DIG. ANA. 
Pt: x nina LBATT._GND. _GND._ GND. oa 22 


11 12 6 23 4 


pic's c8 ce Lt | 
-48V = V Ve + 


Zz, 150V PEAK (MAX) 
RING GENERATOR 


FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


Typical Component Values 


C2 =0.15yF, 10V R1 = R2 = R3 = 100k (0.1% Match Required, 1% absolute 
C3 = 0.3uF, 30V value) ZB = 0 for 6002 Terminations (Note 2) 

C4 = 0.5uF to 1.0uF, 10%, 20V (Should be nonpolarized) RB, = RBz = RB3 = RB, = 1502 (0.1% Match Required, 1% 
C5 = 0.5F, 20V absolute value) 


Rg; = Rgo =1kQ, typically. 
Cg; = Cgp = 0.1p1F, 200V typically, depending on Vaijg and 
line length. 


Z; = 150V to 200V transient protection. 
PTC used as ring generator ballast. 


C6 = C7 = 0.5yuF (10% Match Required) (Note 2) 
C8 = 0.01pF, 100V 
C9 = 0.01pF, 20V, +20% 


= 
2) 
O 
uJ 
ad 
uu 
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NOTES: 
1. Secondary protection diode bridge recommended is a 2A, 200V type. 


2. To obtain the specified transhybrid loss it is necessary for the three legs of the balance network, C6-R1 and R2 and C7-ZB-R3, to match 
in impedance to within 0.3%. Thus, if C6 and C7 are 1,.F each, a 20% match is adequate. It should be noted that the transmit output to 
C6 sees a -22V step when the loop is closed. Too large a value for C6 may produce an excessively long transient at the op amp output 
to the PCM Filter/CODEC. 


A 0.5uF and 100kQ gives a time constant of 50msec. The uncommitted op amp output is internally clamped to stay within +5.5V and 
also has current limiting protection. 


3. All grounds (AG, BG, & DG) must be applied before V+ or Vp-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 


4. To prevent saturation of longitudinal amplifier during ringing, the ringer current should be limited to less than 30mA peak. 
. Application shows Ring injected ringing, a Balanced or Tip injected configuration may be used. 
6. Pin numbers given for DIP/SOIC package. 

Additional information is contained in Application Note 549, “The HC-550X Telephone SLICs” By Geoff Phillips 


oO 
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Ane HC-5509AT 


PRELIMINARY SLIC 
March 1993 Subscriber Line Interface Circuit 


Features 


¢ DI Monolithic High Voltage Process 

¢ Compatible with Worldwide PBX and CO Performance 
Requirements 

Controlled Supply of Battery Feed Current with Programmable 
Current Limit 

Operates with 5V Positive Supply (Vz,) 

internal Ring Relay Driver and a Utility Relay Driver 

High Impedance Mode for Subscriber Loop 

High Temperature Alarm Output 

Low Power Consumption During Standby Functions 

Switch Hook, Ground Key, and Ring Trip Detection 

Selective Power Denial to Subscriber 

Voice Path Active During Power Denial 

On Chip Op-Amp for 2 Wire Impedance Matching 


Applications 

e Solid State Line Interface Circuit for PBX or Central Office 
Systems, Digital Loop Carrier Systems 

Hotel/Motel Switching Systems 

Direct Inward Dialing (DID) Trunks 

Voice Messaging PBX’s 

High Voltage 2W/4W, 4W/2W Hybrid 


Ordering Information 


PARTNUMBER | TEMP. RANGE | PACKAGE __ 
HOT-S509AT-5 
-9 


0°10 475°C 
HCOPSSO9AT-9 


Description 


The HC-5509A1 telephone Subscriber Line Interface Circuit 
integrates most of the BORSCHT functions on a monolithic 
IC. The device is manufactured in a Dielectric Isolation (Dl) 
process and is designed for use as a high voltage interface 
between the traditional telephone subscriber pair (Tip and 
Ring) and the low voltage filtering and coding/decoding func- 
tions of the line card. Together with a secondary protection 
diode bridge and “feed” resistors, the device will withstand 
1000V lightning induced surges, in plastic packages. The 
SLIC also maintains specified transmission performance in 
the presence of externally induced longitudinal currents. The 
BORSCHT functions that the SLIC provides are: 


e Battery Feed with Subscriber Loop Current Limiting 
e Overvoltage Protection 

e Ring Relay Driver 

e Supervisory Signaling Functions 

e Hybrid Functions (with External Op-Amp) 

e Test (or Battery Reversal) Relay Driver 


In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20 to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLIC device. 


The HC-5509A1 SLIC is ideally suited for line card designs 
in PBX and CO systems, replacing traditional transformer 
solutions. 


Pinouts 


HC-5509A1 (PDIP, CDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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TRUTH TABLE 


Cr [ Fo [ACTION _ 
0 [0 [Normal Loop Feed” 
Co [+ [RDAs 


Power Down Latch 
RESET 


Ta [0 [Power on RESET 


Loop Power 
Denial Active 


HC-5509A1 (PLCC) 
TOP VIEW 


File Number 3567 


Specifications HC-5509A1 


Absolute Maximum Ratings (Note 1) Operating Conditions 

WO NOTE ce Sens ow iis We REN oe Sonne ee ke -~0.5Vto+15V Operating Temperature Range 
Maximum Supply Voltages PRM eo oe kay Ss baie aves as 0°C to +75°C 
MRR hee cee Ek CARE EA Gada e as 5 0 wae wih -0.5V to +7V PE MORMMIM Fike ss ss vis F cee eaeeinawua<s -40°C to +85°C 
5 ef @ Tine Be ae iar aan rr ere +75V Storage Temperature Range...............25- -65°C to +150°C 
Junction Temperature Ceramic. ............. eee ween $370 Ur > POI DIWOIR ao ln vce oe le kes acca vaes ss uae +5V to +12V 
Junction Temperature Plastic ............... eee eeeee +150°C Positive Power Supply (Vp,) .......-. cece ee ee econ +5V +5% 
Lead Temperature (Soldering 10 Sec.)................. +300°C Negative Power Supply (Vp_)............ cece eens -42V to -58V 
Loop Resistance (R,)...........eeeee 2002 to 1750Q (Note 2) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Unless Otherwise Specified, Typical Parameters are at T, = +25°C, Min-Max Parameters are over Oper- 
ating Temperature Range, Vp. = -48V, Vp, = +5V, AG = DG = BG = OV. All A.C. Parameters are specified 
at 600Q 2-Wire terminating impedance. 


ramaneren —_—_—<—_vesroonomons [ww [ we | wax | uns 


A.C. TRANSMISSION PARAMETERS 


RX Input Impedance 300Hz to 3.4kKHz (Note 3) Poss fan pe me 
TX Output Impedance 300HZz to 3.4kHz (Note 3) wee ee ee 


4W Input Overioad Level 300HZ to 3.4kHz R, = 1200Q, +1.5 
6002 Reference 


2W Return Loss Matched for 600Q (Note 3) 


VpEAK 


2W Longitudinal to Metallic Balance Per ANSI/AEEE STD 455-1976 (Note 3) 
Off Hook 300Hz to 3400Hz 
300HZ to 3400HZz (Note 3) 


R.E.A. Test Circuit 
lUNE = 40mA Ta = +25°C (Note 3) 
Longitudinal Current Capability lune = 40mA T, = +25°C (Note 3) 


Insertion Loss OdBm at 1kHz, Referenced 600Q 


Low Frequency Longitudinal Balance 


dBrnC 


m 


+0.2 


+0.05 +0.2 


3 2. 


300Hz to 3400Hz (Note 3) Referenced to +0.05 
Absolute Level at 1kHz, 0dBm Referenced 


600Q 


Frequency Response 


Level Linearity Referenced to -10dBm (Note 3) 


2W to 4W and 4W to 2W +3 to -40dBm 


-40 to -50dBm 
-50 to -55dBm 


+0.1 


+0.3 
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Specifications HC-5509A1 


Electrical Specifications Unless Otherwise Specified, Typical Parameters are at T, = +25°C, Min-Max Parameters are over Oper- 
ating Temperature Range, Vz. = -48V, Vp, = +5V, AG = DG = BG = OV. All A.C. Parameters are specified 
at 600Q 2-Wire terminating impedance. (Continued) 


[raneres————«d[——_—tesroonomons [wm [vr | wax | unis 


Absolute Delay (Note 3) 
300HZz to 3400Hz 


300Hz to 3400Hz soaeticse 
Transhybrid Loss, THL (Note 3) See Figure 1 


Total Harmonic Distortion Reference Level OdBm at 600Q 
2W/4W, 4W/2W, 4W/4W 300HZz to 3400Hz (Note 3) 
Idle Channel Noise (Note 3) 
C-Message 


Psophometric a 
3kHz Flat os 


2W/4W 


2W and 4W dBrnC 


Power Supply Rejection Ratio (Note 3) 
30Hz to 200Hz, R, = 6002 
Vey to 2W 
Vp, to 4W (Note 3) Oe 
200Hz to 16kHz, R, = 600Q 


D.C. PARAMETERS 


Loop Current Programming 


Limit Range 


Accuracy 


Loop Current During Power Denial R, = 200Q 


Fault Currents 


+ 
io) 
H+ 
on 


TIP to Ground 


RING to Ground 


TIP and RING to Ground 


Switch Hook Detection Threshold 
Thermal ALARM Output Safe Operating Die Temperature Exceeded 


Plelel Pelle | blsllefelslsls/= falele [f= 


a 


© 
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Specifications HC-5509A1 


Electrical Specifications Unless Otherwise Specified, Typical Parameters are at T, = +25°C, Min-Max Parameters are over Oper- 
ating Temperature Range, Vp. = -48V, Vp, = +5V, AG = DG = BG = OV. All A.C. Parameters are specified 
at 600Q 2-Wire terminating impedance. (Continued) 


raraneren————«—teseowomons | wn [ve | wax | vrs 


Ring Trip Comparator Threshold See Typical Applications for more informa- rate TT 
tion 


Dial Pulse Distortion Goch calpeieeaiiartercesea | unai Ia Ro 


Relay Driver Outputs 
V 
eee BEL 


+1 


lo, (PR) = 60mA, Io, (RD) = 30mA 


Von = 13.2V 
OV < Vy <5V 


sat 27 
Power Dissipation On Hook Relay Drivers Off 
Vp, = +5.28V, Vp. = -S8V, Rioop = = 


Ves ' +5.25V, Ve- = -58V, Rioop = 0° 


On Voltage Vo. 


Off Leakage Current 


TTL/CMOS Logic Inputs (FO, F1, RS, TEST, 
PRI) 


Logic ‘0’ V; L 


Logic Bi Vin 


Input Current (FO, F1, RS, TEST, PRI) +100 


Logic Outputs 


UNCOMMITED OP AMP PARAMETERS 


Input Offset Voltage 


= 


5 
a 


H+ 
_ 
So 


Input Offset Current 
Differential Input Resistance 


Output Voltage Swing R, = 10kQ 


< 
? 
a) 


|- 
aw 


Small Signal GBW (Note 2) 


NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 
2. May Be Extended to 1900Q With Application Circuit. 
3. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 


initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec- 
ification compliance. 
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HC-5509A1 


Pin Descriptions 


[ommoe | cc [smeo | ———S~SC~SC~w ORO 


Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output 
and receive input terminals. 


VB+ Positive Voltage Source - Most Positive Supply. 


C1 Capacitor #C1 - An external capacitor to be connected between this terminal and analog ground. 


Required for proper operation of the loop current limiting function. 


Sal 


Function Address #1 - A TTL and CMOS compatible input used with FO function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on page1. F1 should be toggled high after power is applied. 


Function Address #0 - A TTL and CMOS compatible input used with F1 function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on page 1. 


Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a 
positive pulse (50 - 5001s) occurs on the zero crossing of the ring voltage source, as it appears 
at the RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative 
going zero crossing and for Ring injected systems, on the positive going zero crossing. This en- 
sures that the ring delay activates and deactivates when the instantaneous ring voltage is near 
zero. If synchronization is not required, the pin should be tied to +5. 


Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 


Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 


A TTL logic input. A low on this pin will set a latch and keep the SLIC in a power down mode until 
the proper F1, FO state is set and will keep ALM low. See Truth Table on page 1. 


ALS TTL compatible active low output which responds to the thermal detector circuit when a safe 
operating die temperature has been exceeded. When TST is forced low by an external control 
signal, ALM is latched low until the proper F1, FO state and TST input is brought high. The ALM 
can be tied directly to the TST pin to power down the part when a thermal fault is detected and 
then reset with FO, F1. See Truth Table on page 1. It is possible to ignore transient thermal over- 
load conditions in the SLIC by delaying the response to the TST pin from the ALM. Care must be 
exercised in attempting this as continued thermal overstress may reduced component life. 


Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a re- 
sistive voltage divider. 


OUT1 


The analog output of the spare operational amplifier. 


aa 4 


The inverting analog input of the spare operational amplifier. 


TIP An analog input connected to the TIP (more positive) side of the subscriber loop through a feed 
resistor and ring relay contact. Functions with the RING terminal to receive voice signals from 


the telephone and for loop monitoring purpose. 


An analog input connected to the RING (more negative) side of the subscriber loop through a 
feed resistor. Functions with the TIP terminal to receive voice signals from the telephone and for 
loop monitoring purposes. 


RFS Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected 
ringing the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, 


the RF and RFS pins must be shorted. 
Receive Input, Four Wire Side - A high impedance analog input. AC signals appearing at this 
input drive the Tip Feed and Ring Feed amplifiers differentially. 
LAO Longitudinal Amplifier Output - A low impedance output to be connected to C2 through a low 
pass filter. Output is proportional to the difference in Iz;p and Iping- 


N 


VRX 


Nh 
N 
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Pin Descriptions (Continued) 
ential voltage across TIP and RING. Transhybrid balancing must be performed beyond this out- 
put to completely implement two to four wire conversion. This output is referenced to analog 
ground. Since the D.C. level of this output varies with loop current, capacitive coupling to the next 

Re oe eee An active low open collector output. Can be used to drive a Polarity Reversal Relay. 

NA DG Digital Ground - To be connected to zero potential - serves as reference for all digital inputs and 
outputs on the SLIC. 
Battery Ground - Tube connected to zero potential. All loop current and some quiescent current 
flows into this terminal. 


| DIPSOIC | PLCC | SYMBOL DESCRIPTION 2 
stage is necessary. 
a Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ring- 


Shuang Transmit Output, Four Wire Side - A low impedance analog output which represents the differ- 
a ee ed a ae A TTL compatible input used to control PR. PRI active High = PR active low. 
ing signals onto the 2-Wire line. 


Feedback input to the tip feed amplifier; may be used in conjunction with transmit output signal 


FB 
and the spare op-amp to accommodate 2W line impedance matching. 


Tip Feed - A low impedance analog output connected to the TIP terminal through a feed resistor. 
Functions with the RF terminal to provide loop current, and to feed voice signals to the telephone 
set and to sink longitudinal currents. Must be tied to TF1. 


Ring Feed - A low impedance analog output connected to the RING terminal through a feed re- 
sistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and to sink longitudinal currents. Tie directly to RF2. 


Nm 
N 


> 


Capacitor #2 - An external capacitor to be connected between this terminal and ground. It pre- 
vents false ring trip detection from occurring when longitudinal currents are induced onto the sub- 
scriber loop from power lines and other noise sources. This capacitor should be nonpolarized. 


No internal connection. 


NOTE: 


1. All grounds (AG, BG, DG) must be applied before Vg, or Vg. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 
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Functional Diagram 


DIP OR SOIC 


liL LOGIC INTERFACE 


Die Characteristics 


UD MNRI CMM i ey aie oly aw a ain ac baw a 224 
REI es iE Tre hes nbis ely Choi eee 28 
Did: DIMGRGSIONS 4-1 reer rns eeerer 174 x 120 
Prete PRION cos os a cicecisGcakekaxeae Connected 
PO00G6iis 4 Waa act id sould onde as Hee WA Bipolar-DI 
Thermal Constants (°C/W) Bsa Bic 
OMNI ENR eo g. soo aie pS oie 48 12 
RIE RE te ee ee a 51 21 
ae oe ae eee Oe oe 47 17 
MM eh oe eee a, guinea ae 72 22 


Overvoltage Protection and Longitudinal 
Current Protection 


The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 


High voltage surge conditions are as specified in Table 1. 


The SLIC will withstand longitudinal currents up to a maxi- 
mum or 30mArms, 15mArms per leg, without any perfor- 
mance degradation 


| TABLE 1. 
ee al 
PARAMETER CONDITION (MAX) UNITS 
Longitudinal 10ps Rise/ VpEAK 
100s Fal 
Metallic Surge =| 10ps Rise/ 


T/GND 10ps Rise/ +1000 (Plastic) VpeaK 
FYGND 1000ys Fall | +500 (Ceramic) 
50/60Hz Current 


T/GND 700 (Plastic) 
FYGND 350 (Ceramic) 


11 Cycles 


Limited to 
10Arms 
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Functional Diagram (Continued) 
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> 
re 
om 


4 31 44 
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HC-5509A1 


Logic Diagram 


>> bP >>> 
aires ' 


eSasain | | 


: 12L TOTTL 


THERMAL 


6 

‘ 

‘ THERMAL 

: SHUT 

, DOW 
TTLTOI7L : LATCH 


= S. 


ASSPSBBeSVSSBSSVSBSeS2BSSESSSeSBeSSSVPSeSESe BUSSES SV=USeSGeeceeses 


NOTE: PRI is anindependent switch driven by TTL input levels. 
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Applications Diagram 


+5V SYSTEM CONTROLLER 


? Po BAS ee SAS SS es 


RD 
PR 
TIP 
TFi** 
TF2** 


TIP o 


*SECONDARY 
PROTECTION SS 
C5 


RB4 


VRING 
150V pe ax(MAX) 


SHD GKD PRI RS TEST F1 ALARM FO 


ILIMIT “he 
Vv 
----- 
eo 
<i , FROM PCM 
‘ FILTER/CODER 
] 
p 
4 
] 
é 
é 
KAP : 
| 
4 
: Ee / 
“sttvtastuweiet TO HYBIRD 
BALANCE 
NETWORK 


RF2 


5 CF1 


FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


TYPICAL COMPONENT VALUES 

C1 =0.5yF, 30V 

RF1 = RF2 = 210kQ, 1% 

CF1 = CF2 =0.22uF, 10%, 20V Nonpolarized 

C3 = 0.01pF, 100V, +20% 

C4 = 0.01puF, 100V, +20% 

C5 = 0.01pF, 100V, +20% 

Cac = 0.5uF, 20V 

KZ = 60kQ, (Zp = 600Q, K = Scaling Factor = 100) 
RL1, RL2; Current Limit Setting Resistors: 

RL1 + RL2 > 90kQ - offset 

lLimit = (0.6) (RL1 + RL2)/(200 x RL2), RL1 typically 100kQ 


NOTES: 


KRe = 20kQ, RF = 2(Rgo + Reg), K = Scaling Factor = 100) 

RB, a RB» = RBs = RB, = 500 (1% absolute, matching 

requirements covered in a Tech Brief) 

Rs; = Rgo = 1kQ typically 

CS1 = CS2 = 0.1pF, 200V typically, depending on Vping and 

line length. 

Z, = 150V to 200V transient protector. PTC used as ring 

generator ballast. 

* Secondary protection diode bridge recommended is 3A, 200V 
type. 


“*TF1, TF2 and RF1, RF2 are on PLCC only and should be con- 
nected together as shown. 
***Not Present on DIP or SOIC packages. 


1. All grounds (AG, BG, & DG) must be applied before Vg+ or Vp-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 


2. Application shows Ring Injected Ringing, a Balanced or Tip injected configuration may be used. 
Additional information is contained in Application Note 549, “The HC-550X Telephone SLICs” By Geoff Phillips 
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TELECOM 


Denese HC-5509B 


SLIC 
March 1993 Subscriber Line Interface Circuit 


Depethe™ Description 


Di Monolithic High Voltage Process j ; ee 
° Compatible with Worldwide PBX and CO Performance The HC-5509B telephone Subscriber Line Interface Circuit 


Requirements integrates most of the BORSCHT functions on a monolithic 
¢ Controlled Supply of Battery Feed Current with Programmable !C. The device is manufactured in a Dielectric Isolation (Dl) 

Current Limit process and is designed for use as a high voltage interface 
e Operates with 5V Positive Supply (Vz,) between the traditional telephone subscriber pair (Tip and 
¢ Internal Ring Relay Driver and a Utility Relay Driver Ring) and the low voltage filtering and coding/decoding func- 
* High Impedance Mode for Subscriber Loop tions of the line card. Together with a secondary protection 
* High Temperature Alem eee diode bridge and “feed” resistors, the device will withstand 
e Low Power Consumption During Standby Functions 1000V lightning induced in eines ale Th 
¢ Switch Hook, Ground Key, and Ring Trip Detection Ig nang at uy wah ae de vine iy peranges: 2 
© Selective Power Denial to Subscriber SLIC also maintains specified transmission performance in 
° Voice Path Active During Power Denial the presence of externally induced longitudinal currents. The 
¢ On Chip Op-Amp for 2 Wire Impedance Matching BORSCHT functions that the SLIC provides are: 
Applications e Battery Feed with Subscriber Loop Current Limiting 

e Solid State Line Interface Circuit for PBX or Central Office . Overvoltage Protection 

Systems, Digital Loop Carrier Systems 
¢ Hotel/Motel Switching Systems e Ring Relay Driver 
e Direct Inward Dialing (DID) Trunks : ‘ : : 
=» Vale Wasdaninn ey ) e Supervisory Signaling Functions 


High Voltage 2W/4W, 4W/2W Hybrid e Hybrid Functions (with External Op-Amp) 


‘ ‘ e Test (or Battery Reversal) Relay Driver 
Ordering Information ( y ) Relay 


[PARTNUMBER | TEMP.RANGE | PACKAGE _| 


Pinouts 


HC-5509B (PDIP, CDIP, SOIC) HC-5509B (PLCC) 
TOP VIEW TOP VIEW 


In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20 to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLIC device. 


The HC-5509B SLIC is ideally suited for line card designs in 
PBX and CO systems, replacing traditional transformer 
solutions. 


TRUTH TABLE 


Cri ro | AcTON | 
To [0 [Norma Lop Fees 
Co [+ [Ao Acwe 


Power Down Latch 
RESET 


Ti [o [Power on RESET 


Loop Power 
Denial Active 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2799.2 
Copyright © Harris Corporation 1993 8-116 


Specifications HC-5509B 


Absolute Maximum Ratings (Note 1) Operating Conditions 
I 6 occa aR Sey Wes ces aks 8 3 tals -0.5V to+15V Operating Temperature Range 
Maximum Supply Voltages be cy 9 BORE eR ee re 0°C to +75°C 
Ne gis pcre Vin nob x0:¥ 0k abies 3 U¥.0 a 0's ok a -0.5V to +7V POD. 5 icc irs aces 0 se « eee dane -40°C to +85°C 
1G A SEER SE GRE PARLE Penn erp AS +75V Storage Temperature Range...............46- -65°C to +150°C 
Junction Temperature Ceramic. ............. cece eees ie — PROIRY DIIIIBA bi cc ccc ccc c cscs ccccccnsees a@y +5V to +12V 
Junction Temperature Plastic .......... 0... cc cece eee +150°C Positive Power Supply (Vp,) ......... 2c cece cece eens +5V +5% 
Lead Temperature (Soldering 10 Sec.)...............6. +300°C Negative Power Supply (Vp.)..........e eee cence -42V to -58V 
Loop Resistance (Ri). 2. eee: 2002 to 1750Q (Note 2) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Unless Otherwise Specified, Typical Parameters are at T, = +25°C, Min-Max Parameters are over Oper- 
ating Temperature Range, Vp. = -48V, Vp, = +5V, AG = DG = BG = OV. All A.C. Parameters are specified 
at 600Q 2-Wire terminating impedance. 


ramaneren dT —restconomions [ww | wr | wax [unre 
EL 
aE 


4W Input Overload Level 300HZ to 3.4kHz R, = 1200, +1.5 VpEAK 
6002Q Reference 


2W Return Loss Matched for 600Q (Note 3) 


4W Longitudinal Balance 300HZz to 3400Hz (Note 3) 
Off Hook 


R.E.A. Test Circuit 
ILINE = 40mA Ta = +25°C (Note 3) 


Longitudinal Current Capability line = 40MA Ty = +25°C (Note 3) 


Low Frequency Longitudinal Balance 


2W Longitudinal to Metallic Balance Per ANSI/IEEE STD 455-1976 (Note 3) 
Off Hook 300Hz to 3400Hz 


Insertion Loss OdBm at 1kHz, Referenced 600Q 


[sons [a2 |e 
ee ee 


ad 


201 sn as i es 


TELECOM 


300HZz to 3400Hz (Note 3) Referenced to Ab- 
solute Level at 1kKHz, OdBm Referenced 
600Q 


Frequency Response 


Level Linearity Referenced to -10dBm (Note 3) 


2W to 4W and 4W to 2W 
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Electrical Specifications Unless Otherwise Specified, Typical Parameters are at T, = +25°C, Min-Max Parameters are over Oper- 
ating Temperature Range, Vp. = -48V, Vp, = +5V, AG = DG = BG = OV. AIl A.C. Parameters are specified 
at 600Q 2-Wire terminating impedance. (Continued) 


[earameren «dest conomons [wm [ve | wax | vrs 


Absolute Delay (Note 3) 
300Hz to 3400Hz 


oh 0 Sale os ea 
Transhybrid Loss, THL (Note 3) See Figure 1 


Total Harmonic Distortion Reference Level 0dBm at 600Q 
2W/4W, 4W/2W, 4W/4W 300Hz to 3400Hz (Note 3) 
idle Channel Noise (Note 3) 

C-Message 


S3kHz Flat 


Power Supply Rejection Ratio (Note 3) 
30Hz to 200Hz, R, = 600Q 


2W/4W 


dBrnC 


2W and 4W 
dBmp 


Vp, to 2W 
Vp, to 4W 
Vp. to 2W 
Vp. to 4W 
sire (Note 3) 

Vp. to 2W 200Hz to 16kHz, R, = 600Q 
Vp. to 4W 
Vp. to 4W 


Ring Sync Pulse Width 


D.C. PARAMETERS 


Loop Current Programming 


Limit Range 


Accuracy 


Loop Current During Power Denial R, = 200Q 


Fault Currents 


+ 
(oy) 
+ 
on 


TIP to Ground 


RING to Ground 


TIP and RING to Ground 


Switch Hook Detection Threshold 
Ground Key Detection Threshold 
Thermal ALARM Output Safe Operating Die Temperature Exceeded 


ate] fee A 
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Specifications HC-5509B 


Electrical Specifications Unless Otherwise Specified, Typical Parameters are at T, = +25°C, Min-Max Parameters are over Oper- 
ating Temperature Range, Vz. = -48V, Vp, = +5V, AG = DG = BG = OV. All A.C. Parameters are specified 
at 6002 2-Wire terminating impedance. (Continued) 


ee 
Ring Trip Detection Threshold Vaine = 105Vaus, fring = 20Hz 
Ring Trip Detection Period e 
ee To es a A 
Relay Driver Outputs 
On Voltage Vo, lo. (PR) = 60mA, Io, (RD) = 30mA 


TTL/CMOS Logic Inputs (FO, F1, RS, TEST, 
PRI) 
Logic ‘0’ Vi, 


Input Current (FO, F1, RS, TEST, PRI) OV < Vy < 5V ee 


Logic Outputs 
Logic ‘0’ Vo, 
Logic ‘1’ Voy 
Relay Drivers Off > * 


Ves * +5.25V, Vp. = -58V, Rioop = 0° 


Ve, = = +5 25V, Ve- = = -58V, Roop = 09 
UNCOMMITED OP AMP PARAMETERS 
Input Offset Voltage 


Input Offset Current 


1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 


2. May Be Extended to 1900Q With Application Circuit. 
3. These parameters are controiled by design or process parameters and are not directly tested. These parameters are characterized upon 


initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec- 
ification compliance. 
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HC-5509B 


Pin Descriptions 


[omsoe[ icc [eweo[—~SC ROTO 


Analog Ground - To be connected to zero potential. Serves as a reference for the transmit output 
and receive input terminals. 


[2 | 8 | vB+ | Poative vonage Source - Most Postive Supply 


C1 Capacitor #C1 - An external capacitor to be connected between this terminal and analog ground. 
Required for proper operation of the loop current limiting function. 


Function Address #1 - A TTL and CMOS compatible input used with FO function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on page1. F1 should be toggled high after power is applied. 


Function Address #0 - A TTL and CMOS compatible input used with F1 function address line to 
externally select logic functions. The three selectable functions are mutually exclusive. See Truth 
Table on page 1. 


Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a 
positive pulse (50 - 500s) occurs on the zero crossing of the ring voltage source, as it appears 
at the RFS terminal. For Tip side injected systems, the RS pulse should occur on the negative 
going zero crossing and for Ring injected systems, on the positive going zero crossing. This en- 
sures that the ring delay activates and deactivates when the instantaneous ring voltage is near 
zero. If synchronization is not required, the pin should be tied to +5. 


eee ae Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 
See ace ae Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 


A TTL logic input. A low on this pin will set a latch and keep the SLIC in a power down mode until 
the proper F1, FO state is set and will keep ALM low. See Truth Table on page 1. 


ALS TTL compatible active low output which responds to the thermal detector circuit when a safe 
operating die temperature has been exceeded. When TST is forced low by an external control 
signal, ALM is latched low until the proper F1, FO state and TST input is brought high. The ALM 
can be tied directly to the TST pin to power down the part when a thermal fault is detected and 
then reset with FO, F1. See Truth Table on page 1. It is possible to ignore transient thermal over- 
load conditions in the SLIC by delaying the response to the TST pin from the ALM. Care must be 
exercised in attempting this as continued thermal overstress may reduced component life. 


Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a re- 
sistive voltage divider. 


cet ee OUT1 The analog output of the spare operational amplifier. 
oe Be The inverting analog input of the spare operational amplifier. 


An analog input connected to the TIP (more positive) side of the subscriber loop through a feed 
resistor and ring relay contact. Functions with the RING terminal to receive voice signals from 
the telephone and for loop monitoring purpose. 


An analog input connected to the RING (more negative) side of the subscriber loop through a 
feed resistor. Functions with the TIP terminal to receive voice signals from the telephone and for 
loop monitoring purposes. 


Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected 


ringing the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, 
the RF and RFS pins must be shorted. 


17 27 VRX Receive Input, Four Wire Side - A high impedance analog input. AC signals appearing at this 
input drive the Tip Feed and Ring Feed amplifiers differentially. 
Be Capacitor #2 - An external capacitor to be connected between this terminal and ground. It pre- 


vents false ring trip detection from occurring when longitudinal currents are induced onto the sub- 
scriber loop from power lines and other noise sources. This capacitor should be nonpolarized. 
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Pin Semel (Continued) 


Transmit Output, Four Wire Side - A low impedance analog output which represents the differ- 
ential voltage across TIP and RING. Transhybrid balancing must be performed beyond this out- 
put to completely implement two to four wire conversion. This output is referenced to analog 

ground. Since the D.C. level of this output varies with loop current, capacitive coupling to the next 
stage is necessary. 


ai Pepe f | A TTL compatible input used to control PR. PRI active High = PR active low. 
ee oe An active low open collector output. Can be used to drive a Polarity Reversal Relay. 


Digital Ground - To be connected to zero potential. Serves as a reference for all digital inputs and 
outputs on the SLIC. 


Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ring- 
ing signals onto the 2-Wire line. 


Feedback input to the tip feed amplifier; may be used in conjunction with transmit output signal 
and the spare op-amp to accommodate 2W line impedance matching. 


Tip Feed - A low impedance analog output connected to the TIP terminal through a feed resistor. 
Functions with the RF terminal to provide loop current, and to feed voice signals to the telephone 
set and to sink longitudinal currents. Must be tied to TF 1. 


Tie directly to TF2 in the PLCC application. 


Ring Feed - A low impedance analog output connected to the RING terminal through a feed re- 
sistor. Functions with the TF terminal to provide loop current, feed voice signals to the telephone 
set, and to sink longitudinal currents. Tie directly to RF2. 


Tie directly to RF1 in the PLCC application. 
The battery voltage source. The most negative supply. 


Battery Ground - To be connected to zero potential. All loop current and some quiescent current 
flows into this ground terminal. 


No internal connection. 


4. All aia (AG, BG, DG) must be applied before Vg, or Vg.. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 
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HC-5509B 


Functional Diagram 
DIP OR SOIC 


| VRX | [OUT 1 
17 12 


liL LOGIC INTERFACE 
> 
=| 18) 12) tal f=} [3] (ay fal f2t [2] | 


Die Characteristics The SLIC will withstand longitudinal currents up to a maxi- 
mum or 30mArms, 15mArms per leg, without any perfor- 

POUR ING ooo ano ¥ Gee Rk ace 3 eas NE eee 224 mance degradation 

EST SE Re RE aE peyote aE ERR gn EEE go 28 

SPP POU os ons ooo vee BRE Cts 8 8 eee 174 x 120 TABLE 1. 

Substrate Potential... 2... ce cee Connected “em ea oa cece 

no | SSeS Sree Pee oo eerie = Bipolar-DI 

Th ide Constants (°C/W) Qs, 2m PARAMETER | CONDITION UNITS 

ee ci 482 «12 10us Rise/ 

Peete. se 51 21 Surge 1000us Fall |+500 (Ceramic) | Vpeax | 

Se ee re ere eee 47 17 

EE ae ae ry eee ear 72 22 


Metallic Surge _| 10us Rise/ 
T/GND 10us Rise/ Vpeak 
50/60Hz Current 


Overvoltage Protection and Longitudinal 
Current Protection 


The SLIC device, in conjunction with an external protection 
bridge, will withstand high voltage lightning surges and 
power line crosses. 


11 Cycles 


Limited to 
10Arms 


R/GND 
High voltage surge conditions are as specified in Table 1. 
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Functional Diagram (Continued) 


IGG A 


liL LOGIC INTERFACE 
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27s ie 
88) BEE 


NC = 1, 5, 6, 7, 14, 15, 16, 
21, 23, 26, 28, 29, 30, 40 
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Applications Diagram 


+5V SYSTEM CONTROLLER 
any Be Ss Sl ee SS ee 
Ki | SHD GKD PRI RS TEST F1 ALARM FO 
Rs Csi | K2 RL2 
ILIMIT 
K1A weewe2enecapanecnae q V 
So fae ha 
ae “<e ! FROM PCM 
a VEB ‘ FILTER/CODER 
“SECONDARY ~s_ } 
PROTECTION ‘ 
c ; 
f 
‘ 
PRIMARY | KRE| ‘ 
PROTECTION nee 
: Ce ! 
‘ 
r a 
lanunee rareatnws TO HYBIRD 
VRING BALANCE 
150VpEAK(MAX) NETWORK 


FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


TYPICAL COMPONENT VALUES 


C1 =0.5yF, 30V 

C2 = 0.5uF-1.0uF +10%, 20V (Should be nonpolarized) 
C3 = 0.01uF, 100V, +20% 

C4=0.01puF, 100V, +20% 

C5 = 0.01pF, 100V, +20% 

Cac = 0.5F, 20V 

KZo = 60kQ, (Zp = 600Q, k = Scaling Factor = 100) 

RL1, RL2; Current Limit Setting Resistors: 

RL1 + RL2 > 90kQ = offset 

lLimit = (0.6) (RL1 + RL2)/(200 x RL2), RL1 typically 100kQ 
KRe- = 20kQ, RF = 2(Reo + Reg), K = Scaling Factor = 100) 


NOTES: 


RB, = RBz = RBg = RB, = 50Q (1% absolute, matching 

requirements covered in a Tech Brief) 

Rs = Rso = 1kQ typically 

CS1 = CS2 = 0.1pF, 200V typically, depending on Ving and 

line length. 

Z, = 150V to 200V transient protector. PTC used as ring 

generator ballast. 

* Secondary protection diode bridge recommended is 3A, 200V 
type. 


**TF1, TF2 and RF1, RF2 are on PLCC only and should be con- 
nected together as shown. 


1. All grounds (AG, BG, & DG) must be applied before Vg+ or Vp-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 


2. Application shows Ring Injected Ringing, a Balanced or Tip injected configuration may be used. 
Additional information is contained in Application Note 549, “The HC-550X Telephone SLICs” By Geoff Phillips 
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SEMICONDUCTO 


FARRIS 


HC-5524 


: SLIC 
Subscriber Line Interface Circuit 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


March 1993 
Features Description 
¢ Di Monolithic High Voltage Process The HC-5524 telephone Subscriber Line Interface Circuit 


¢ Compatible with Worldwide PBX and DLC Performance Requirements integrates most of the BORSCHT functions on a monolithic 
° Controlled Supply of Battery Feed Current With Programmable Current IC. The device is manufactured in a Dielectric Isolation (DI) 


Limit process and is designed for use as a 24V interface between 
e Operates with 5V Positive Supply (Vg+) the traditional telephone subscriber pair (Tip and Ring) and 
e Internal Ring Relay Driver and a Utility Relay Driver the low voltage filtering and coding/decoding functions of the 
e High Impedance Mode for Subscriber Loop line card. Together with a secondary protection diode bridge, 
e High Temperature Alarm Output the device will withstand 500V induced surges, in plastic 
e Low Power Consumption During Standby Functions packages. The SLIC also maintains specified transmission 
¢ Switch Hook, Ground Key, and Ring Trip Detection performance in the presence of externally induced 
¢ Selective Power Denial to Subscriber longitudinal currents. The BORSCHT functions that the SLIC 
e Voice Path Active During Power Denial provides are: 
mn “— — ea ier aneene oe MaCnG ¢ Battery Feed with Subscriber Loop Current Limiting 
Ap P lications ¢ Overvoltage Protection 
¢ Solid State Line interface Circuit for PBX or Digital Loop Carrier Systems 
¢ Hotel/Motel Switching Systems * Ring Relay Driver 
¢ Direct Inward Dialing (DID) Trunks . , pia : 
* Voice Messaging PBX’s Supervisory Signaling Functions 
e 2W/4W, 4W/2W Hybrid ¢ Hybrid Functions (with External Op-Amp) 


] i ° A l) Relay Dri 
Ordering Information Test (or Battery Reversal) Relay Driver 


[as | | oa 
NUMBER RANGE 


Pinouts 
HC-5524 (PDIP, CDIP, SOIC) HC-5524 (PLCC) 
TOP VIEW TOP VIEW 


In addition, the SLIC provides selective denial of power to 
subscriber loops, a programmable subscriber loop current 
limit from 20mA to 60mA, a thermal shutdown with an alarm 
output and line fault protection. Switch hook detection, ring 
trip detection and ground key detection functions are also 
incorporated in the SLIC device. 


The HC-5524 SLIC is ideally suited for line card designs in 
PBX and DLC systems, replacing traditional transformer solu- 
tions. 


TRUTH TABLE 


0 [0 [Nomar toop Feed 
Co roa 


Loop Power 
Denial Active 
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Specifications HC-5524 


Absolute Maximum Ratings (Note 1) Operating Conditions 
Maximum Supply Voltages (Vgt).............006. -0.5V to+7V Operating Temperature Range 
OVE WIVES os ccc eee ce esos +40V FI OOS ce rere ee eres ce decwences 0°C < Tas +75°C 
MUREG IVE GUE oa cas va tete celta s cree ee -0.5V to +15V co tp Ae aah Soe ar abenr Erte ma iemeeses yes tamer -40°C < Ty s +85°C 
SROIGHOF TQIIMIOFOUNG © occ sc coven ede ee ccccccnccas +175°C Storage Temperature Range............... ~65°C < Ty < +150°C 
Junction Temperature (Plastic Package) ............... +150°C... Relay Driver Voltage ........ 2. wpissnaives see se. +5V to +12V 
Lead Temperature (Soldering 10 Sec.)..............00- +300°C Positive Power Supply (Vp+)..........c cece ee eeeee +5V + 5% 
Negative Power Supply (Vp-) ............... ee eee -20V to -28V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Typical Parameters are at T, = +25°C, Vg+ = +5V, Vp- = -24V, AG = DG = BG = OV. Min-Max Parameters are Over 
Operating Positive and Negative Battery Voltages and Over the Operating Temperature Range. All Parameters are 

Specified at 6(00Q 2-Wire Terminating Impedance, Unless Otherwise Specified. 
UNITS 


LIMITS 
PARAMETER CONDITIONS | MIN 


AC TRANSMISSION PARAMETERS 


RX Input Impedance 300HZ to 3.4kKHz (Note 2) 
TX Output Impedance 
4W Input Overload Level 300HZ to 3.4kHz, 600Q Reference +1.0 


2W Return Loss Matched for 600Q (Note 2) 
SRL LO 


ERL 


SRL HI 


2W Longitudinal to Metallic Balance Off Hook Per ANSIAEEE STD 455-1976 (Note 2) , 
300HZz to 3400Hz 


4W Longitudinal Balance Off Hook Per ANSI/IEEE STD 455-1976 (Note 2) , 
300HZz to 3400Hz (Note 2) 


i 


VPEAK 


+0.05 


oa 


+0.08 


OdBm at 1kHz, Referenced 600Q 


-1.58dBm at 1kHz, Referenced 600Q 


Frequency Response 300HZz to 3400Hz (Note 2), Referenced to Ab- 


Low Frequency Longitudinal Balance R.E.A. Test Circuit dBmp 
oy 
Insertion Loss 


solute Level at 1kHz, OdBm Referenced 600Q 


oar 
oe 
See 
aa 
Referenced to -10dBm (Note 2) 
+3 to -40dBm 
ees 
oles 
oo 


Level Linearity 
2W to 4W and 4W to 2W 


(Note 2) 


Total Harmonic Distortion Reference Level 0dBm at 600Q, 300Hz to 
2W/4W, 4W/2W, 4W/4W 3400Hz (Note 2) 


Absolute Delay 
2W/4W 
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Specifications HC-5524 


Electrical Specifications Typical Parameters are at T, = +25°C, Vgt = +5V, Ve- = -24V, AG = DG = BG = OV. Min-Max Parameters are Over 
. Operating Positive and Negative Battery Voltages and Over the Operating Temperature Range. All Parameters are 
Specified at 6002 2-Wire Terminating Impedance, Unless Otherwise Specified. (Continued) 


PARAMETER 


AC TRANSMISSION PARAMETERS (Continued) 


CONDITIONS 


LIMITS 


UNITS 


idle Channel Noise 
2W and 4W 


Open Loop Voltage (Vr)p - Varina) 


Power Supply Rejection Ratio 
Vat to 2W 
Vat to 4W 
Va- to 2W 
Vp- to 4W 
Vat to 2W 
Vat to 4W 
Vp- to 2W 
Vp- to 4W 


Ring Sync Pulse Width 


DC PARAMETERS 


Loop Current Programming 


Limit Range 
Accuracy 
Fault Currents 
TIP to Ground 
RING to Ground 
TIP and RING to Ground 


Relay Driver Outputs 
On Voltage Vo, 


Off Leakage Current 


TTL/CMOS Logic Inputs (FO, F1, RS, TST, PRI) 
Logic ‘0’ Vi, 


Logic 1’ Vin 


(Note 2) 


Vat = +5V, Va- = -24V 
(Note 2) 
30HZz to 200Hz, R, = 600Q 


200Hz to 16kHz, R, = 600Q 


Safe Operating Die Temperature Exceeded 


Vrine = 105Vems: fring = 20HZ 


lo. (PR) = 60mA, Ip, (RD) = 30mA 


Voy = 13.2V 


8-128 


+ 
oh 


+4 


2 og 


H+- 
N 


dBrnc 
dBmp 


se P+ ellslslelelelele felele 


Specifications HC-5524 


Electrical Specifications Typical Parameters are at T, = +25°C, Vp+ = +5V, Vp- = -24V, AG = DG = BG = OV. Min-Max Parameters are Over 
Operating Positive and Negative Battery Voltages and Over the Operating Temperature Range. All Parameters are 
Specified at 600Q 2-Wire Terminating Impedance, Unless Otherwise Specified. (Continued) 


PARAMETER CONDITIONS 


DC PARAMETERS (Continued) 


Input Current (FO, F1, RS, TST, PRI) OV < Vins 5V 


Logic Outputs 
lLoap = 800pA 


eg ee ea ge A Rg wo 


UNCOMMITED OP AMP PARAMETERS 


Logic ‘0’ Vo. 


Logic ‘1’ Voy 


mV 


+10 


[o) 


NOTES: 
1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func- 
tional operability under any of these conditions is not necessarily implied. 
2. These parameters are controlled by design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release, upon design changes which would affect these characteristics, and at intervals to assure product quality and spec- 
ification compliance. 


Pin Descriptions 


Function Address #1 - A TTL and CMOS compatible input used with FO function address line to externally 
select logic functions. The three selectable functions are mutually exclusive. See Truth Table on front 
page. F1 should be toggled high after power is applied. 


Function Address #0 - A TTL and CMOS compatible input used with F1 function address line to externally 
select logic functions. The three selectable functions are mutually exclusive. See Truth Table on front 


page. 


Ring Synchronization Input - A TTL - compatible clock input. The clock is arranged such that a positive 
pulse (50 - 500s) occurs on the zero crossing of the ring voltage source, as it appears at the RFS ter- 
minal. For Tip side injected systems, the RS pulse should occur on the negative going zero crossing and 
for Ring injected systems, on the positive going zero crossing. This ensures that the ring delay activates 
and deactivates when the instantaneous ring voltage is near zero. If synchronization is not required, the 
pin should be tied to +5. 
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Pin Descriptions (Continued) 


_ DIP/ 
PLCC | SYMBOL DESCRIPTION 


i otmaulk Sea ee | Switch Hook Detection - An active low LS TTL compatible logic output. A line supervisory output. 
| lle HA On Ground Key Detection - An active low LS TTL compatible logic output. A line supervisory output. 


A TTL logic input. A low on this pin will set a latch and keep the SLIC in a power down mode until the 
proper F1, FO state is set and will keep ALM low. See Truth Table on front page. 


A LS TTL compatible active low output which responds to the thermal detector circuit when a safe 
operating die temperature has been exceeded. When_TS' TST is forced low by an external control signal, 
ALM is latched low until the proper F1, FO state and TST input is brought high. The ALM can be tied 
directly to the TST pin to power down the part when a thermal fault is detected and then reset with FO, 
F1. See Truth Table on front page. It is possible to ignore transient thermal overload conditions in the 
SLIC by delaying the response to the TST pin from the ALM. Care must be exercised in attempting this 


as continued thermal overstress may reduce component life. 


ILMT Loop Current Limit - Voltage on this pin sets the short loop current limiting conditions using a resistive 
voltage divider. 


a Rae OUT1 The analog output of the spare operational amplifier. 
ee ae The inverting analog input of the spare operational amplifier. 


An analog input connected to the TIP (more positive) side of the subscriber loop through a feed resistor 
and ring relay contact. Functions with the RING terminal to receive voice signals from the telephone and 
for loop monitoring purposes. 


An analog input connected to the RING (more negative) side of the subscriber loop through a feed resis- 


tor. Functions with the TIP terminal to receive voice signals from the telephone and for loop monitoring 
purposes. 


Ring Feed Sense - Senses RING side of the loop for Ground Key Detection. During Ring injected ringing 
the ring signal at this node is isolated from RF via the ring relay. For Tip injected ringing, the RF and RFS 
pins must be shorted. 


Receive Input, Four Wire Side - A high impedance analog input. AC signals appearing at this input drive 
the Tip Feed and Ring Feed amplifiers differentially. 


Capacitor #2 - An external capacitor to be connected between this terminal and ground. It prevents false 
ring trip detection from occurring when longitudinal currents are induced onto the subscriber loop from 
power lines and other noise sources. This capacitor should be nonpolarized. 


Transmit Output, Four Wire Side - A low impedance analog output which represents the differential volt- 
age across TIP and RING. Transhybrid balancing must be performed beyond this output to completely 
implement two to four wire conversion. This output is referenced to analog ground. Since the DC level of 
this output varies with loop current, capacitive coupling to the next stage is necessary. 


A TTL compatible input used to control PR. PRI active High = PR active low. 
An active low open collector output. Can be used to drive a Polarity Reversal Relay. 


Digital Ground - To be connected to zero potential. Serves as a reference for all digital inputs and outputs 
on the SLIC. 

Ring Relay Driver - An active low open collector output. Used to drive a relay that switches ringing signals 
onto the 2 wire line. 


37 VFB 


(Note 2) 


Feedback input to the tip feed amplifier; may be used in conjunction with transmit output signal and the 


spare op-amp to accommodate 2W line impedance matching. (This is not used in the typical applications 
circuit). 


Nh 


ie) 
are 


TF2 Tip Feed - A low impedance analog output connected to the TIP terminal through a feed resistor. Func- 
tions with the RF terminal to provide loop current, and to feed voice signals to the telephone set and to 
sink longitudinal currents. Must be tied to TF 1. 


TF1 Tie directly to TF2 in the PLCC application. 


Ring Feed - A low impedance analog output connected to the RING terminal through a feed resistor. 


Functions with the TF terminal to provide loop current, feed voice signals to the telephone set, and to 
sink longitudinal currents. Tie directly to RF2. 
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Pin Descriptions (Continued) 


DIP/ 
SYMBOL DESCRIPTION 


| NA | 42 | RE2 | Tiedirectly to RF1 in the PLCC application. 
ae 4) ve The battery voltage source. The most negative supply. 


Battery Ground - To be connected to zero potential. All loop current and some quiescent current flows 
into this ground terminal. 


NC No internal connection. 


1. All grounds (AG, BG, DG) must be applied before Vg+ or Vz-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first. 


2. Although not used in the typical applications circuit, Veg may be used in matching complex 2-Wire impedances. 


Functional Diagram 
DIP OR SOIC 
7 _VRX | _vFB LV | | AG 
St : 17 12 13 24 19 2 oT of 
| TF | 25 aa R c: oes his i 
: 27 
V v RF V 
Te 
5 
Fo. 
6 
RS | 
oa ie — 
< TST 
c 
ui 20 
< 
2 21 
: 
23 


N 


IBGE 
TELECOM 


_ 
oS 
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Functional Diagram (continued) 


PLCC 


LVRX | 
27 19 


| FL 
| FO | 
| RS | 
Oo 1 13 
rs 
ui | 33 
Z | PRI 
oT 34 
3 |e 
a 36 
2 | RD | 
11 
| SHD | 
12 
| GKD | 


> 
Si 
= 


R = 108kQ 
NC = 1,5, 6,7, 14, 15, 16, 21 
23, 26, 28, 29, 30, 40 
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Logic Diagram 


i L > > > 
TTL TO AL —e | a] i : 
ahaa Pacags Da = ms 


A I27L TO TTL 
° : GKD 

Spa Pap Pe 
wae ( | ellie sae 
i > > SAD 
TTL TOIL SHUT DOWN 12L TO TTL 


Fe A A Dd A Be tl 


THERMAL 
; SHUTDOWN TO BIAS 
* LATCH NETWORK 
TTL TOIL + 
‘ A 
TEST ° ee — a . 
‘ 
\/ 
Die Characteristics The SLIC will withstand longitudinal currents up to a maxi- 
mum or 40mArms, 20mArms per leg, without any perfor- = 
OIE IO ak vee < cde ie be Pee ee ce OES 224 mance degradation. 
Ie ie gs '5 ak 4. ose OR Oe ny bale SE 28 rt} 
Eee PN Nee os cs nab haw reals a 174 x 120 mils TABLE 1 rT 
Gebewate-Porential .... 0.5. 6s ss scecece esos Connected = 
INI to Ss ie ovale As ee Bee ee Bipolar-DI 
Thermal Constants (°C/W) Bia Bic 


PRIROIGONE os us a 1 oe 48 12 Lengiucinal,...4 1S: VPEAK 
ROO ekg posi treks a be 51 21 VpEAK 
SOG sie Youd ot 0 Loomer x OH ontaa Veen 
1000s Fall Vek 

Overvoltage Protection and Longitudinal | T/GND 10s Rise/ VpEAK 
100018 Fal ies 


Current Protection 

The SLIC device, in conjunction with an external protection | 50/60Hz Current 

bridge, will withstand high voltage lightning surges and T/GND 11 Cycles 

pener he CrORESS. FYGND Limited to 350 (Ceramic) | Vams 
High voltage surge conditions are as specified in Table 1. 10Arms 
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Applications Diagram 


+5V SYSTEM CONTROLLER 


ie OP #5 BG 2 


TIP 


“SECONDARY 
Pte eae 


PRIMARY 
PROTECTIO 


FROM PCM 
FILTER/CODER 


BeVeeeesneeesenSuBeseUsucan 


TO HYBIRD 
BALANCE 
- NETWORK 


FIGURE 1. TYPICAL LINE CIRCUIT APPLICATION WITH THE MONOLITHIC SLIC 


TYPICAL COMPONENT VALUES 


C1 =0.5uF, 20V 
C2 = 0.5uF-1.0uF +10%, 20V (Should be nonpolarized) 
C3 = 0.01pF, 50V +20% 
C4 = 0.01pF, 50V +20% 
C5 = 0.01pF, 50V +20% 
Cac = 0.5uF, 20V 
K(Zp - Re/2) = 50kQ, (Zp = 600Q, K = Scaling Factor = 100) 
RL1, RL2; Current Limit Setting Resistors 
RL1+RL2 > 90kQ 
luimit = (.6) (RL1+RL2)/(200xRL2), RL1 typically 100kQ 
KRe_e = 20kQ, Re = 2(Rg;+Ree), K = Scaling Factor = 100) 


NOTES: 


RB, = RBz = 500 (1% absolute, matching requirements cov- 

ered in a Tech Brief) 

Rs; = Rso = 1kQ typically 

CS1 = CS2 = 0.1p1F, 200V typically, depending on Vring and 

line length. 

Z, = 150V to 200V transient protector. PTC used as ring 

generator ballast. 

s ndary protection diode bridge recommended is 3A, 200V 
type. 


** TF1, TF2 and RF1, RF2 are on PLCC only and should be connect- 
ed together as shown. 


1. All grounds (AG, BG, & DG) must be applied before Vg+ or Vg-. Failure to do so may result in premature failure of the part. If a user wishes 
to run separate grounds off a line card, the AG must be applied first 


2. Application shows Ring Injected Ringing, Balanced or Tip injected configuration may be used. 


Additional information is contained in Application Note 549, “The HC-550X Telephone SLICs” By Geoff Phillips 
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March 1993 PCM Transcoder 

Features Description 

o Single 5V Supply ... 2c. cscecccscccvvees 10mA Typ. The HC-5560 digital line transcoder provides encoding and 

; : decoding of pseudo ternary line code substitution schemes. 

* Mode Selectable Coding Including: Unlike other industry standard transcoders, the HC-5560 

- AMI (T1, T1C) provides four worldwide compatible mode selectable code 

- B8ZS (T1) substitution schemes, including HDB3 (High Density Bipolar 

- HDB3 (PCM30) 3), B6ZS, B8ZS (Bipolar with 6 or 8 Zero Substitution) and 


e North American and European Compatibility 
e Simultaneous Encoding and Decoding 
e Asynchronous Operation 


Loop Back Control 


e Transmission Error Detection 


Alarm Indication Signal 
Replaces MJ1440, MJ1471 and TCM2201 Transcoders 


Applications 


e North American and European PCM Transmission 
Lines where Pseudo Ternary Line Code Substitution 
Schemes are Desired 


e Any Equipment that Interfaces T1, T1C, T2 or PCM30 
Lines Including Multiplexers, Channel Service Units, 
(CSUs) Echo Cancellors, Digital Cross-Connects 
(DSXs), T1 Compressors, etc. 


AMI (Alternate Mark Inversion). 


The HC-5560 is fabricated in CMOS and operates from a 
single 5V supply. All inputs and outputs are TTL compatible. 


Application Note #573, “The HC-5560 Digital Line 
Transcoder,” by D.J. Donovan is available. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


HC3-5560-5 0°C to +70°C 20 Lead Plastic DIP 


Pinout Functional Diagram 
HC-5560 MODE 1° ©Vop 
(PDIP) SELECT 9 © Vsg 
TOP VIEW = 
NRZ DATAIN © = 2 
UL ENC * > = > CLOCK 
atl iu 
MODE SELECT 1 [2/ 49] OUTPUT ENABLE 2 OUT 2 
NRZ DATA IN [3] 148] RESET 
LOOP TEST 4_, 
CLK ENC | 4| 17] OUT1 ENABLE ad ae 
MODE SELECT 2 [5| OUT2 DECODER [| OUT 
NRZ DATA OUT | 6| Bin AWN 
CLK DEC 74] LOOP TEST ENABLE Bin 
be FORCE Ais 0—> 
RESET Als | 8 13} Ayn Reset o—> 
ais [9] 12] cLock CLK DEC ¢ ax ERROR [?-° ERROR 
Vss 14] ERROR 
RESET Als © pe 2 > AIS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications HC-5560 


Absolute Maximum Ratings Operating Conditions 

Volinge OL ANY PM 8 66 os is cs ook GND -0.3V to Vpp + 0.3V. Operating Temperature Range .................. 0°C to +70°C 
WIRINTEITS Viney VONOOO oo co iace in ccc een si dared eavees +7.0V Storage Temperature Range.................. -65°C to +150°C 
DUMICIN TOG WOON. 655... ec ccc cece eens ceeces tae te Operating Ves oo s5 cg oi vcs oa cs vos Ce oo be eee 5V +5% 
Junction Temperature (Plastic Package) ............... +150°C 

Lead Temperature (Soldering 10 Sec.)................. +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications Unless Otherwise Specified, Typical parameters at +25°C, Min-Max parameters are over operat- 
ing temperature range. Vpp = +5V. 


PARAMETERS SYMBOL 
Quiescent Device Current kp | 
Operating Device Current eee 


Out 1, Out 2 Low (Sink) Current lou 
(Vo. = 0.4V) 
All Other Outputs Low (Sink) Current 
(Vou = 0.8V) 
All Outputs High (Source) Current 
(Von = 4-0V) 


Dynamic Electrical Specifications Unless Otherwise Specified, Typical parameters at +25°C, Min-Max parameters are over 
operating temperature range. Vpp = 5V. 


PARAMETERS 


CLK ENC, CLK DEC Input Frequency i oie | MHz | 


CLK ENC,CLK DEC Rise Time (1.544 MHz) tact 
Fall Time 
Rise Tne (2.048 MH) a es ee 
Piso Tne (8.448 MH eo ee ee 
NRZ-Data In to CLK ENC Data Setup Time Pe ee 
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Specifications HC-5560 


Dynamic Electrical Specifications Uniess Otherwise Specified, Typical parameters at +25°C, Min-Max parameters are over 
operating temperature range. Vpp = 5V. (Continued) 


eens —————somacn [none [vm [ee | wa [re 
jaxmcwounon | we | 


Out 1, Out 2 Pulse Width (CLK ENC Duty Cycle = 50%) 


fot = 1.544 MHz 
fo. = 2.048 MHz 224 


fop = 6.3212 MHz 79 


fo, = 8.448 MHz 


CLK DEC to NRZ-Data Out 
Setup Time CLK DEC to Reset AIS 
Hold Time of Reset AIS = ‘0’ 


Setup Time Reset AIS = ‘1’ to CLK DEC 


Reset AIS to AIS output 
CLK DEC to Error output 


Pin Description 


PIN NUMBER FUNCTION DESCRIPTION 


Pin 19 must be at logic ‘0’ to enable this pin. A logic ‘1’ on this pin forces Out 1 and Out 2 to all 
ones. A logic ‘0’ on this pin allows normal operation. 


La | eee 
i ee 


Mode Select 1, 
Mode Select 2 


NRZ Data In Input data to be encoded into ternary form. The data is clocked by the negative going edge of CLK 
ENC. 


CLK ENC Clock encoder, clock for encoding data at NRZ Data In. 
NRZ Data Out | Decoded data from ternary inputs Ajy and By. 
7 CLK DEC Clock decoder, clock for decoding ternary data on inputs Ajy and Byy. 


Reset AIS, AIS | Logic ‘0’ on Reset AIS resets a decoded zero counter and either resets AIS output to zero provided 
3 or more zeros have been decoded in the preceding Reset AIS period or sets AIS to ‘1’ ifless than 
3 zeros have been decoded in the preceding two Reset AIS periods. A period of Reset AIS is de- 
fined from the bit following the bit during which Reset AIS makes a high to low transition to the bit 
during which Reset AIS makes the next high to low transition. 
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HC-5560 


Pin Description 


“OR” function of Ajy and By for clock regeneration when pin 14 is at logic ‘0’, “OR” function of Out 
1 and Out 2 when pin 14 is at logic ‘1’. 


Inputs representing the received PCM signal. Ajy = ‘1’ represents a positive going ‘1’ and Byy = ‘1’ 
represents a negative going ‘1’. Ajy and B,y are sampled by the positive going edge of CLK DEC. 
Ain and By may be interchanged. 


Loop Test Enable, this pin selects between normal and loop back operation. A logic ‘0’ selects nor- 
mal operation where encode and decode are independent and asynchronous. A logic ‘1’ selects a 
loop back condition where Out 1 is internally connected to Ajy and Out 2 is internally connected to 
Bin. A decode clock must be supplied. 


Outputs representing the ternary encoded NRZ Data In signal for line transmission. Out 1 and Out 
2 are in return to zero form and are clocked out on the positive going edge of CLK ENC. The length 
of Out 1 and Out 2 is set by the length of the positive clock pulse. 


A logic ‘0’ on this pin resets all internal registers to zero. A logic ‘1’ allows normal operation of all 


internal registers. 


Functional Description 


The HC-5560 TRANSCODER can be divided into six sec- 
tions: transmission (coding), reception (decoding), error 
detection, all ones detection, testing functions, and output 
controls. 


The transmitter codes a non-return to zero (NRZ) binary uni- 
polar input signal (NRZ Data In) into two binary unipolar 
return to zero (RZ) output signals (Out 1, Out 2). These out- 
put signals represent the NRZ data stream modified accord- 
ing to the selected encoding scheme (i.e.,AMI, B8ZS, B6ZS, 
HDB3) and are externally mixed together (usually via a tran- 
Sistor or transformer network) to create a ternary bipolar sig- 
nal for driving transmission lines. 


The receiver accepts as its input the ternary data from the 
transmission line that has been externally split into two 
binary unipolar return to zero signals (Ajy and By). These 
signals are decoded, according to the rules of the selected 
line code into one binary unipolar NRZ output signal (NRz 
Data Out). 


The encoder and decoder sections of the chip perform inde- 
pendently (excluding loopback condition) and may operate 
simultaneously. 


The Error output signal is active high for one cycle of CLK 
DEC upon the detection of any bipolar violation in the 
received Aj, and Bix signals that is not part of the selected 
line coding scheme. The bipolar violation is not removed, 
however, and shows up as a pulse in the NRZ Data Out sig- 
nal. In addition, the Error output signal monitors the received 
Ain and Bix signals for a string of zeros that violates the 


maximum consecutive zeros allowed for the selected line 
coding scheme (i.e., 15 for AMI, 8 for B8ZS, 6 for B6ZS, and 
4 for HDB3). In the event that an excessive amount of zeros 
is detected, the Error output signal will be active high for one 
cycle of CLK DEC during the zero that exceeds the maxi- 
mum number. In the case that a high level should simulta- 
neously appear on both received input signals Ajy and By a 
logical one is assumed and appears on the NRZ Data Out 
stream with the Error output active. 


An input signal received at inputs Ajy and By that consists 
of all ones (or marks) is detected and signaled by a high 
level at the Alarm Indication Signal (AIS) output. This is also 
known as Blue Code. The AIS output is set to a high level 
when less than three zeros are received during one period of 
Reset AIS immediately followed by another period of Reset 
AIS containing less than three zeros. The AIS output is reset 
to a low level upon the first period of Reset AIS containing 3 
or more zeros. 


A logic high level on LTE enables a loopback condition 
where Out 1 is internally connected to Aj, and Out 2 is inter- 
nally connected to Biy (this disables inputs Ajy and By to 
external signals). In this condition, NRZ Data In appears at 
NRZ Data Out (delayed by the dmount of clock cycles it 
takes to encode and decode the selected line code). A 
decode clock must be supplied for this operation. 


The output controls are Output Enable and Force AIS. These 
pins allow normal operation, force Out 1 and Out 2 to zero, 
or force Out 1 and Out 2 to output all ones (AIS condition). 
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HC-5560 


Die Characteristics 


PT ois eet es dew aoe a0 2 + ceca 4322 
Pe PTPRIVGIONI Gc o'ciy csschs 4 cis sere ses laa 119 x 133 mils 
Susie roOuibal Lo... Delos te ci ss be hee eae +V 
i 1. ERY gS & eae BEIAUNG ipee araer arenes ae SAJI CMOS 
Thermal Constants (°C/W) 85a Bic 
i) gO) SR aaa | |¢ Aen Ae 67 25 


Line Code Descriptions 


AMI, Alternate Mark Inversion, is used primarily in North 
American T1 (1.544 MHz) and T1C (3.152 MHz) carriers. 
Zeros are coded as the absence of a pulse and ones are 
coded alternately as positive or negative pulses. This type of 
coding reduces the average voltage level to zero to eliminate 
DC spectral components, thereby eliminating DC wander. To 
simplify timing recovery, logic 1’s are encoded with 50% duty 
cycle pulses. 


e.g. 


PCM CODE C0 et Otic Ob OR 8 - 69 


To facilitate timing maintenance at regenerative repeaters 
along a transmission path, a minimum pulse density of logic 
1’s is required. Using AMI, there is a possibility of long 
strings of zeros and the required density may not always 
exist, leading to timing jitter and therefore higher error rates. 


A method for insuring minimum logic 1 density by substituting 
bipolar code in place of strings of 0’s is called BNZS or Bipolar 
with N Zero Substitution. B6ZS is used commonly in North 
American T2 (6.3212 MHz) carriers. For every string of 6 
zeros, bipolar code is substituted according to the following 
rule: 


If the immediate preceding pulse is of (-) polarity, then 
code each group of 6 zeros as 0+- 0+-, and if the 
immediate preceding pulse is of (+) polarity, code each 
group of 6 zeros as 0+- 0-+. 


One can see the consecutive logic 1 pulses of the same 
polarity violate the AMI coding scheme. 


@.g. 
6 
pone genre ne eer, 
PCM CODE o-0.: 6 + 6 4-5 6-46.39 Ae ee -3 
Oo = 0 4 © 
B6éZS (-) 
Vv 
Vv 
0+ + 0 = + 
B6ZS (+) 
Vv 


V = VIOLATION 


B8ZS is used commonly in North American T1 (1.544 MHz) 
and T1C (3.152 MHz) carriers. For every string of 8 zeros, 
bipolar code is substituted according to the following rules: 


1. If the immediate preceding pulse is of (-) polarity, then 
code each group of 8 zeros as 000-+ 0+-. 


2. If the immediate preceding pulse is of (+) polarity then 
code each group of 8 zeros as 000+-0-+. 


e.g. 
8 
pee meemcamamscamere ae ll Nm ssenn cemaecanimema i, 
PCM CODE O10 0 0.0 ¢@ 0-0 0.-1:.% 9 
000+ +0 + = 
B8ZS (-) Vv 
Vv 
0:6::3: «0.4 
B8ZS (+) 


V = VIOLATION 


The BNZS coding schemes, in addition to eliminating DC 
wander, minimize timing jitter and allow a line error monitor- 
ing capability. 


Another coding scheme is HDB3, high density bipolar 3, used 
primarily in Europe for 2.048 MHz and 8.448 MHz carriers. 
This code is similar to BNZS in that it substitutes bipolar code 
for 4 consecutive zeros according to the following rule: 


1. If the polarity of the immediate preceding pulse is (-) 
and there have been an odd (even) number of logic 1 
pulses since the last substitution, each group of 4 con- 
secutive zeros is coded as 000-(+00+). 


2. If the polarity of the immediate preceding pulse is (+) 
then the substitution is 000+(-00-) for odd (even) num- 
ber of logic 1 pulses since the last substitution. 


e.g. 
4 4 
eee mes, potas, 
PCMCODE 0000101110000001 
6 0 8 = + 0 0 + 
HDB3 (-) Vv 
Vv 
000 + -00- 
HDB3 (+) Vv 
Vv 
V = VIOLATION 


The 3 in HDB3 refers to the coding format that precludes 
strings of zeros greater than 3. Note that violations are pro- 
duced only in the fourth bit location of the substitution code 
and that successive substitutions produce alternate polarity 
violations. 
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Application Diagram 


FROM CODEC OR 
TRANSCODER 


ENCODER CLOCK 


HC-5560 


oD +5 
Vpp 
T1, T2, TiC, 
NRZ DATA IN OUT 1 PCM - 
ENCODER ae LINE OUTPUT 
CLK ENC OUT 2 
FORCE AIS MS 1 . } MODE SELECT 
: OGIC INPUTS 
LTE CONTROL MS2 . 
CLOCK CLOCK RECOVERY 
ALARM CLOCK 
ERROR 
AIS ALARM MONITORS 
ERROR ERROR 
DECODER 
NRZ DATA OUT TO CODED OR TRANSCODER 
MS1 MS2_ SELECTS 
0 0 AMI 
0 1 BS8zS 
1 0 B6ZS 
1 1 HDB3 
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HC-5560 


Timing Waveforms 


for 
tac. tEcL 
| 1 90% 
' 5 50% 
CLK ENC 10% 
ts ty [~~ 
| Aocnhethntihcaaaiahoal ’eeetttttAtAd 
NRZ DATA IN 50% 7 50% , 
top 
50% 50% 
OUT 1, OUT 2 
ee tw 
FIGURE 1. TRANSMITTER (CODER) TIMING WAVEFORMS 
ea 
fot 
tEcL traci 
CLK DEC : 90% 
50% 
10% 
ts ty 
if 4. \ som 4 
Aw, Bin toad oF 
50% 
CLOCK 
top 
50% 
NRZ DATA OUT 
FIGURE 2. RECEIVER (DECODER) TIMING WAVEFORMS 
= 
' re) 
| a 
50% 50% - 
CLK DEC Fs 
tse 
RESET AIS 50% 50% 
tpps 
AIS OUTPUT Poe 50% 


tpps | 
‘ 
‘ 
ERROR OUTPUT ¥ 50% 
‘ 


FIGURE 3. RESET AIS INPUT, AIS OUTPUT, ERROR OUTPUT 
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HC-5560 


Timing Waveforms (continued) 


euccee TUTTI ononunururururunrrrururirr. 


NRZ DATA OUT Lr LJ LIL LJ LI LJ 


AIS SERRE Essie ce 2/2 + AMO St eae eas cae sans Mee h om cade ea 


FIGURE 4. 


Two consecutive periods of Reset AIS, each containing less than three zeros, sets AIS to a logic 
‘1’ and remains in a logic ‘1’ state until a period of Reset AIS contains three or more zeros 


ekoec UU 


RESET AIS | i i j Li LU U L 


NS. neiemnbaticmcmeneeincnimmmmemmanintl 


FIGURE 5. 


Zeros which occur during a high to low transition of Reset AIS are counted with the zeros that occurred before 
the high to low transition. 


' i 
NRZ DATA IN i | } I : 
} 
CLK ENC FLUO LLL Lr ren 
. ‘ 


i i ; 
‘ ‘ ‘ 

AMI 

‘ 

‘ 


OUT 1 Tenens Ba ee RPE: 4 ee 3 SEES 


a oe 


HDB3 
‘ ‘ ' 
‘ 
OUT 1 
B6éZS } M1 mM [sl ial - 
: ‘ s Ss 
OUT 2 
‘ ‘ 
B8Zs 
OUT 2 : 
‘ 
‘ 


‘ 
m= 31/2CYCLES > 


‘ 
jam ser ES 


FIGURE 6. ENCODE TIMING AND DELAY 


Data is clocked on the negative edge of CLK ENC and appears on Out 1 and Out 2. Out 1 and Out 2 are 
interchangeable. Bipolar violations and all other pulses inserted by the line coding scheme to encode 
strings of zeros are labeled with an “S”. 
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HC-5560 


Timing Waveforms (Continued) 


exkoec = PLE LILLE LI LLL LLL LLL LLL LLL. 


Bin 


HDB3) Aw s s Ss Ss 
Bin Ss Ss ) Ss 


, 
‘ 
} 
BEZS Ay fs sL_—Is S 5 
‘ ‘ : 
Bin ae | S Ss Ss Ss 
’ ' 


B8ZS Aw 
BN 
‘ 
NRZ DATA OUT or a acycLEs > } : ee ee 
<—_—— § CYCLES ——>+ ‘ 
<_—— --. 6 CYCLES | --——»> 


FIGURE 7. DECODE TIMING AND DELAY 


Data that appears on A, and By is clocked by the positive edge of CLK DEC, decoded, and zeros are in- 
serted for all valid line code substitutions. The data then appears in non-return to zero to zero form at output 
NRZ Data Out. Aj and By, are interchangeable. 


OUT 


Se ees fo (Semen 5 a eee el 
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FIGURE 8. 


The ERROR signal indicates bipolar violations that are not part of a valid substitution. 
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FARRIS 


SEMICONDUCTOR 


HC-55536 


Continuous Variable Slope 
Delta-Demodulator (CVSD) 


uD 


March 1993 
Features Description 
¢ All Digital The HC-55536 is a CMOS integrated circuit used to convert 


¢ Requires Few External Parts 
e Low Power Drain: 1.5mW from Single 3V-6V Supply 


¢ Time Constants Determined by Clock Frequency; No 
Calibration or Drift Problems; Automatic Offset 
Adjustment 


Filter Reset by Digital Control 


Automatic Overload Recovery 


Automatic “Quiet” Pattern Generation 


Applications 


e Voice Decoder for Digital Systems and Speech 
Syntheses 


_ @ Voicemail 


e Audio Manipulations; Delay Lines, Echo Generation/ 


serial NRZ digital data to an analog (voice) signal. Conver- 
sion is by delta demodulation, using the Continuously 
Variable Slope (CVSD) method of demodulation. 


While signals are compatible with other CVSD circuits, the 
internal design is unique. The analog loop filters have been 
replaced by digital filters which use very low power and 
require no external timing components. This digital approach 
allows inclusion of many desirable features, which otherwise 
would be difficult to implement. The device is usable from 
9Kbits/sec to above 64kbits/sec, and may be easily 
configured with the HC-55564 CVSD for a complete 
transmit/receive voice channel. 


Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


HC 1-55536- 0°C to +75°C 14 Lead Ceramic DIP 


5 
HC 1-55536-9 -40°C to +85°C 14 Lead Ceramic DIP 
HC3-55536-5 0°C to +75°C 14 Lead Plastic DIP 
HC3-55536-9 -40°C to +85°C 14 Lead Plastic DIP 


Suppression, Special Effects, etc. 
e¢ Pagers/Satellites 


Pinout Functional Diagram 


HC-55536 
(PDIP, CDIP) 
TOP VIEW 


13) (12) 
FORCE ZERO ¢ ? DIGITAL IN 


vob | 1| 
NC | 2 
AOUT | 3] 
NC [4] 
NC [5| 
NC | 6| 
NC 


SYLLABIC 
DIGITAL 


DIGITAL 
MODULATOR 
1 


SIGNAL 
ESTIMATE 
DIGITAL FILTER 
1.0msec 


'8 | DIGITAL GND 


Vpp DIGITAL GND 
(3) (9) (1) (8) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 2888.1 


Specifications HC-55536 


Absolute Maximum Ratings Operating Conditions 

Voltage at Any Pin ...............4-. GND -0.3V to VDD +0.3V. Operating Temperature Range 

RAEOUMET Von VOUAGO 5.70 ois. seis nein coc ae ape chav eomun +7.0V WG-S6n00 Ss aa isces ic kvieqameei eens 0°C to +75°C 
Junction Temperature... .. 2... ccc cece ccc te teeees +175°C MIC-5S606 0 oS cs feet era bie -40°C to +85°C 
Junction Temperature (Plastic Package) ............... +150°C Storage Temperature Range............... -65°C < Ty s +150°C 
Lead Temperature (Soldering 10 Sec.).............2055 +300°C Operating Vpp Range.............. ee eee eee +3.0V to +6.0V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vp, = +5.0V; Bit Rate = 16K Bits/sec; Typical Parameters are at +25°C. Min-Max parameters are over 
Operating Temperature, Unless Otherwise Specified. 


Logic “1” Input 
Logic “O” Input Vit 
Audio Output Voltage 


[Audio Output Volage |r 
Audio Output Impedance 


Syllabic Filter Time Constant 
Signal Estimate Filter Time Constant 


Step Size Ratio 


Minimum Step Size 


Signal/Noise Ratio 
Quieting Pattern Amplitude 
Clamping Threshold 


1. There is one NRZ data bit per clock period. Clock must be phased with digital data such that a positive clock transition occurs in the middle 
of each received data bit. Clock may be run at greater than 64kbps or less than 9kbps. 


2. Logic inputs are CMOS compatible at supply voltage and are diode protected. Digital data input is NRZ at clock rate and changes with 
negative clock transitions. 


3. This output includes a DC bias of Vpp/2; therefore, an AC coupling capacitor is required unless the output filter also includes this bias. 
4. Presents approximately 150kQ in series with recovered audio voltage. Zero-signal reference is Vpp/2. 

5. Note that filter time constants are inversely proportional to clock rate. Both filters approximate single pole responses. 

6 


. Step size compression ratio of the syllabic filter is defined as the ratio of the filter output, with an equal 1-0 bit density input to the filter, to 
its minimum output. 


7. The minimum audio output voltage that can be produced by the internal DAC. 
8. Input signal encoded 1.2Vpys 250Hz sinusoid. 
9. The “quieting” pattern or idle-channel audio output steps at '/, the bit rate, changing state on negative clock transitions. 


10. The recovered signal will be clamped, and the computation will be inhibited, when the recovered signal reaches three-quarters of full- 
scale value, and will unclamp when it falls below this value (positive or negative). 
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Specifications HC-55536 


Pin Description 


positive clock transition. 


NOTE: No active input should be left in a “floating condition”. 


PIN 
NUMBER SYMBOL DESCRIPTION 


Pt | Yoo __| Positive supply voltage. 
See AS a No internal connection is made to this pin. 


Audio Out Recovered audio out. Presents approximately 150kQ source with DC offset of Vpp/2. Should be ex- 
ternally AC coupled. 


DD 
NC 
4,5,6,7 No internal connection is made to these pins. 
Digital GND Logic Ground. ; 
Cc 
FZ 
Cc 


Sampling rote clock must be synchronized with the digital input data such that the data is valid at the 


Digital In Input for the received serial NRZ digital data. 


Active low logic input. Activating this input resets the internal logic and forces the recovered audio 
output into the “quieting” condition. 


ee UES nace Ried) No internal connection is made to these pins. 
ee Py NG ar No internal connection is made to this pin. 


Die Characteristic 


Transister-Gount-si-cscscrie cece oe 8 Te eee 1790 
BUSS os AS Sie aeeererercs Patri sae 147 x 82 mils 
SOLON FENOIMINE 6 4s ec ke oa cle os cARc es dow ees +Vpop 
(io eR hay BAPE aT SRS PEERS SPINES MOSER CANE RMITHE Di BiMOSE 
Thermal Constants (°C/W) Q5a Bic 
RMR UNE S.A. ool kc Chas ckuakes 70 20 
PM SA isis Adcics View been dekh 85 - 


Figure 1 illustrates the frequency response of the HC-55536 
for varying input levels. To prevent slope overload (slew rate 
limiting) do not exceed the OdB boundary. The frequency 
response is directly proportional to the sampling rate. The 
output levels were measured after filtering. 


OdB IN = 1.2V, 
Vpp = +5V coo 


0dB OdB IN 


fags | Leen 
ee as 
SET Tea ie al ae | 
sone serermmgen baie inate 2 


ae 
00 = 300 


100 2 500 800 1000 2000 3000 


A b/ 
FREQUENCY (Hz) x SAMPLING RATE (kb/s 


16kb/s 
FIGURE 1. TRANSFER FUNCTION FOR CVSD AT 16kbps 


OUTPUT SIGNAL LEVEL (dB) 


Timing Waveforms 


CVSD TIMING DIAGRAM 


SAMPLING 
CLOCK 


FZ 


DIGITAL IN 


tps: DATA SET UP TIME 100ns TYPICAL 
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deere HC-55564 


Continuously Variable 


March 1993 Slope Delta-Modulator (CVSD) 
Features Description 
¢ All Digital The HC-55564 is a half duplex modulator/demodulator CMOS 


intergrated circuit used to convert voice signals into serial NRZ 
digital data and to reconvert that data into voice. The conver- 
e Low Power Drain: 1.5mW Typical From Single 3V- sion is by delta-modulation, using the Continuously Variable 
6V Supply Slope (CVSD) method of modulation/demodulation. 

Time Constants Determined by Clock Frequency; 
No Calibration or Drift Problems: Automatic Offset 


e Requires Few External Parts 


While the signals are compatible with other CVSD circuits, the 
internal design is unique. The analog loop filters have been 


Adjustment replaced by very low power digital filters which require no exter- 
e¢ Half Duplex Operation Under Digital Control nal timing components. This approach allows inclusion of many 
¢ Filter Reset Under Digital Control desirable features which would be difficult to implement using 


other approaches. 


Automatic Overload Recovery 


The fundamental advantages of delta-modulation, along with its 
Automatic “Quiet” Pattern Generation g g 


simplicity and serial data format, provide an efficient (low data 


¢ AGC Control Signal Available rate/low memory requirements) method for voice digitization. 
Sie The HC-55564 is usable from 9k bits/sec to above 64kbps. See 
Applications the Harris Military databook for a Mil-Std-883C compliant 


* Voice Transmission Over Data Channels (Modems) CVSD. Application Notes 607 and 576 are available. 


e Voice/Data Multiplexing (Pair Gain) Ordering Information 


¢ Voice Encryption/Scrambling PART TEMPERATURE 


Voicemail 


Audio Manipulations: Delay Lines, Time Compres- 
sion, Echo Generation/Suppression, Special 
Effects, etc. 


¢ Pagers/Satellites 
Data Acquisition Systems 


e Voice I/O for Digital Systems and Speech Synthesis 
Requiring Small Size, Low Weight, and Ease of 
Reprogrammability 


= 
5 
Pinouts a 
HC-55564 HC-55564 = 
(PDIP, CDIP) (300 mil SOIC) ul 

TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2889.1 
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Specifications HC-55564 


Absolute Maximum Ratings 


WHEROG BE AI FW) ns fn sche ks 5 cist s.0:0:0 GND -0.3V to Vpp +0.3V 
MGRNTIEV 56 VOURQG 105655. coe Fe cece ces ssecevececs +7.0V 
JUMCHON Temperate o< kal eR ZS. aie wb ed cee +175°C 
Junction Temperature (Plastic Package) ............... +150°C 
Lead Temperature (Soldering 10 Sec.)...............-. +300°C 


Operating Conditions 
Operating Temperature Range 
HIC-GORR oF oo. vss cbs Naa bon ucee es 0°C to +75°C 
HO-SS660@ si 5, Site cs sa se ee -40°C to +85°C 
Byte PEO eS STEP POPPE EOE or aT -55°C to +125°C 
Storage Temperature Range................6. -65°C to +150°C 
OROIRINIG Visi 0s oie eta d coesen se eanee aspen +3.0V to +6.0V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Unless Otherwise Specified, typical parameters are at +25°C, Min-Max are over operating temperature 
ranges. Vpp = +5.0V, Sampling Rate = 16Kbps, AG = DG = OV, Aj = 1.2Vrms. 


Logic ‘1’ Input 
Logic ‘0’ Input 


Logic ‘1’ Output 
Logic ‘0’ Output 
Clock Duty Cycle 


[Aw | Audio input Votinge 
[Zn | Audio inputimpedance 
[Aco | TansierGan 
[tse _| Sylabic Fiter Time Constant 
Signal Estimate Filter Time 
Constant 


Minimum Step Size 


Quieting Pattern Amplitude 


res 
Mss 
Net 
[Van | AGC Testes 


NOTES: 


Voi 
Vap 
VaTH 


“ 


5 


[svmaou [PARAMETER [MW [TP | wax | _UNTS | CONDITIONS _ 
[cx [Sanpingrato +f 9 | 16 | | pe [Noes 
oe lew ee | om | Re 


=) 


% 


= 

Vane | AC Cound: Noles 
eee 
6 oll ctesiaiad aedelsy 4 
[68 [No Load Aco ino Audio Gut 


mVp Aww at 100Hz. Note 8 
*eVox 
MVp.p | FZ=0Vor APT = OV. Note 10 


ne “I 
ro) 


TI 
2) 


1. There is one NRZ (Non-Return Zero) data bit per clock period. Data is clocked out on the negative clock edge. Data is clocked into the 
CVSD on the positive going edge (see Figure 2). Clock may be run at less than 9kbps and greater than 64kbps. 


2. Logic inputs are CMOS compatible at supply voltage and are diode protected. Digital data input is NRZ at clock rate. 


3. Logic outputs are CMOS compatible at supply voltage and will withstand short-circuits to Vpp or ground. Digital data output is NRZ and 
changes with negative clock transitions. Each output will drive one LS TTL load. 


. Recommended voice input range for best voice performance. Should be externally AC coupled. 
. May be used for side-tone in encode mode. Should be externally AC coupled. Varies with audio input level by +2dB. 
. Presents series impedance with audio signal. Zero signal reference is approximately Vpp/2. 


. The minimum audio input voltage above which encoding takes place. 


4 

5 

6 

7. Note that filter time constants are inversely proportional to clock rate. Both filters approximate single pole responses. 
8 

dS) 


. The minimum audio output voltage change that can be produced by the internal DAC. 
10. Settled value, the “quieting” pattern or idle-channel audio output steps at one-half the bit rate, changing state on negative clock transitions. 
11. A logic “0” will appear at the AGC output pin when the recovered signal reaches one-half of full-scale value (positive or negative), i.e. at 


Vpp/2 +25% of Vpp. 


12. The recovered signal will be clamped, and the computation will be inhibited, when the recovered signal reaches three-quarters of full- 
scale value, and will unclamp when it falls below this value (positive or negative). 
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Specifications HC-55564 


Pin Description 


PIN NUMBER 
14 LEAD DIP SYMBOL DESCRIPTION 
Bie aes Positive Supply Voltage. Voltage range is +3.0V to +6.0V. 
Analog GND Analog Ground connection to D/A ladders and comparator. 
Automatic Gain Control output. A logic low level will appear at this output when the recovered 


ee Geame Audio Out recovered from 10 bit DAC. May be used as side tone at the transmitter. Presents 
signal excursion reaches one-half of full scale value. In each half cycle full scale is Vpp/2. The 


Vop 
UT 
approximately 150 kilohm source with D.C. offset of Vpp/2. Within +2dB of Audio Input. Should be 
externally AC coupled. 
4 AGC 
mark-space ratio is proportional to the average signal level. 
Aw Audio Input to comparator. Should be externally AC coupled. Presents approximately 280kQ in 
series with Vpp/2. 
PT 
FZ 


No internal connection is made to these pins. 


Digital GND Logic ground. OV reference for all logic inputs and outputs. 


Sampling rate clock. In the decode mode, must be synchronized with the digital input data such 


that the data is valid at the positive clock transition. In the encode mode, the digital data is clocked 


out on the negative going clock transition. The clock rate equals the data rate. 


Force Zero input. Activating this input resets the internal logic and forces the digital output and the 


|G 
3 Encode/ A single CVSD can provide half-duplex operation. The encode or decode function is selected by the 
Decode logic level applied to this input. A low level selects the encode mode, a high level the decode mode. 
br <> 12  jeaiqoo Diaiabia | Input for the received digital NRZ data. 
recovered audio output into the “quieting” condition. An alternating 1-0 pattern appears at the 
digital output at 1/2 the clock rate. When this is decoded by a receive CVSD, a 10MVp.p inaudible 


APT Alternate Plain Text input. Activating this input caused a digital quieting pattern to be transmitted, how- 
ever; internally the CVSD is still functional and a signal is still available at the Apyy port. Active low. 
signal appears at audio output. Active low. 
Digital Out Output for transmitted digital NRZ data. 
NOTE: 


1. No active input should be left in a “floating condition.” 


Functional Diagram (oip PIN NUMBERS SHOWN) Die Characteristics 
Tansistor Count... ce 1897 
(1) (12) Gea st OO) ___(11) (13) FORCE = (9) (8) pigitaL | Die Dimensions ............. 147 x 82 
Yoo fs. PT ene APT |p zen [ctocK Teano | Substrate Potential.............. +Vpp 
po RS en ee praernee Tee BiMOSE 
3V TO 6V 
=e peri ee 94 re oe Mee Thermal Constants (°C/W) ®j, jc 
“ Q OUT Ceramic DIP.............c000-. (3 ae 
he (5) Se ra D 3.BiT PUBS DIP soa cicssssesecccecseys 85 - 
’ Zin vel COMPARATOR REGISTER SOIC Pececcereccccececcccsssecsesoee 98 = 
ANALOG 
GND sic py 
10 RESET LOGIC 
bs SIGNAL | 6 | DIGITAL SYLLABIC 
(3) Aout ESTIMATE MODULATOR FILTER 
FILTER 1msec +1 4ms 
(SIDE TONE) 
DAC 
out RESET 
(4) AGC OUT 
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HC-55564 


Timing Waveforms 


0 0 1 1 R 
DIGITAL NRZ OUT 
tps: DATA SET UP TIME 100ns TYPICAL 
FIGURE 2. CVSD TIMING DIAGRAM 
Interface Circuit for HC-55564 CVSD (vip PIN NUMBERS SHOWN) 
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FIGURE 3. 


CVSD Hookup for Evaluation 


The circuit in Figure 3 is sufficient to evaluate the voice qual- 
ity of the CVSD, since when encoding, the feedback signal at 
the audio output pin is the reconstructed audio input signal. 


CVSD design considerations are as follows: 


1. Care should be taken in layout to maintain isolation 
between analog and digital signal paths for proper noise 
consideration. 


2. Power supply decoupling is necessary as close to the 
device as possible. A 0.1pf should be sufficient. 


3. Ground, then power, must be present before any input sig- 
nals are applied to the CVSD. Failure to observe this may 
cause a latchup condition which may be destructive. 
Latchup may be removed by cycling the power off/on. A 
power-up reset circuit may be used that strobes Force 
Zero (Pin 13) during power-up as follows: 


4. Analog (signal) ground (Pin 2) should be externally tied to 
Digital GND (Pin 8) and power supply ground. It is recom- 
mended that the Ajj and Agyt ground returns connect 
only to Pin 2. 


5. Digital inputs and outputs are compatible with standard 
CMOS logic using the same supply voltage. All unused 
logic inputs must be tied to the appropriate logic level for 
desired operation. It is recommended that unused inputs 
tied high be done so through a pull-up resistor (1K - 10kQ). 
TTL outputs will require 1kQ pull-up resistors. Pins 4 and 
14 will each drive CMOS logic or one low power TTL input. 

6. Since the Audio Out pins are internally DC biased to Vpp/2, 
AC coupling is required. In general, a value of 0. if is suffi- 
cient for AC coupling of the CVSD audio pins to a filter circuit. 

7. The AGC output may be externally integrated to drive an 
AGC pre-amp, or it could drive an LED indicator through a 
buffer to indicate proper speaking volume. 
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Figures 4, 5, and 6 illustrate the typical frequency clock rate. The flat bandwidth at OdB doubles for every 
response of the HC-55564 for varying input levels and for doubling in sampling rate. The output levels were mea- 
varying sampling rates. To prevent slope overload (slew sured in the encode mode, without filtering, from Ajy to 
limiting), the OdB boundary should not be exceeded. The Aoyr, at Vpp = +5V. 
frequency response is directly proportional to the sampling OdB = 1.2Vays. 
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The following typical performance distortion graphs were 
realized with the test configuration of Figure 7. The 
measurement vehicle for Total Harmonic Distortion (THD) 
was an HP-339A distortion measurement set, and for 2nd 


and 3rd harmonic distortion, an HP-3582A spectrum 
analyzer. All measurement conditions were at Vpp = +5V, 
and 2nd and 3rd harmonic distortion measurements were C- 
message filtered. OdB = 1.2Vays. 
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FIGURE 7. TEST AND MEASUREMENT CIRCUIT 
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FIGURE 9A, B,C. CVSD INPUT LEVEL vs 2ND AND 3RD 
HARMONIC DISTORTION 


FIGURE 8. CVSD SIGNAL LEVEL vs TOTAL HARMONIC 
DISTORTION 
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Harris Quality 


Introduction 


Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing improve- 
ment and evolution, with perfection as the constant goal. 


Harris Semiconductor's commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force — from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market- 
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 


Quality in integrated circuits cannot be added on or consid- 
ered after the fact. It begins with the development of capable 
process technology and product design. It continues in man- 
ufacturing, through effective controls at each process or 
step. It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 


The Role of The Quality Organization 


The emphasis on building quality into the design and manu- 
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. In addition to 
facilitating the development of SPC and DOX, Quality profes- 
sionals support other continuous improvement tools such as 
control charts, measurement of equipment capability, stan- 
dardization of inspection equipment and processes, proce- 
dures for chemical controls, analysis of inspection data and 
feedback to the manufacturing areas, coordination of efforts 
for process and product improvement, optimization of envi- 
ronmental or raw materials quality, and the development of 
quality improvement programs with vendors. 


At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, consult- 
ing, and managing Quality Improvement projects. 


To support specific market requirements, or to ensure con- 
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (e.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality is every- 
one’s job, much of the traditional on-line measurement and 
control of quality characteristics is where it belongs — with 
the people who make the product. The Quality organization 
is there to provide leadership and assistance in the deploy- 
ment of quality techniques, and to monitor progress. 


The Improvement Process 


STAGE IV 


IMPACT ON 
PRODUCT STAGE lil 
QUALITY PROCESS 
OPTIMIZATION 


PROCESS 
CONTROL 


STAGE | 


PRODUCT 
SCREENING 


SOPHISTICATION OF 
QUALITY TECHNOLOGY 


FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 


Harris Semiconductors quality methodology is evolving 
through the stages shown in Figure 1. In 1981 we embarked 
on a program to move beyond Stage |, and we are currently 
in the transition from Stage Ill to Stage IV, as more and more 
of our people become involved in quality activities. The tradi- 
tional “quality” tasks of screening, inspection, and testing are 
being replaced by more effective and efficient methods, put- 
ting new tools into the hands of all employees. Table 1 illus- 
trates how our quality systems are changing to meet today’s 
needs. 


Designing for Manufacturability 


Assuring quality and reliability in integrated circuits begins 
with good product and process design. This has always 
been a strength in Harris Semiconductor's quality approach. 
We have a very long lineage of high reliability, high perfor- 
mance products that have resulted from our commitment to 
design excellence. All Harris products are designed to meet 
the stringent quality and reliability requirements of the most 
demanding end equipment applications, from military and 
space to industrial and telecommunications. The application 
of new tools and methods has allowed us to continuously 
upgrade the design process. 


Each new design is evaluated throughout the development 
cycle to validate the capability of the new product to meet the 
end market performance, quality, and reliability objectives. 


The validation process has four major components: 
1. Design simulation/optimization 
2. Layout verification 
3. Product demonstration 
4. Reliability assessment. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS 


JAN Self-Audit 
Environmental 


RoonVHood Particulates 


- Temperature/Humidity 
- Water Quality 
Product 

- Junction Depth 


Sheet Resistivities 
Defect Density 
Critical Dimensions 
Visual Inspection 
Lot Acceptance 


Process 


Film Thickness 

Implant Dosages 

Capacitance Voltage Changes 
Conformance to Specification 


Equipment 


JAN Self-Audit 


Repeatability 

Profiles 

Calibration 

Preventive Maintenance 


Environmental 


RoonVHood Particulates 
Temperature/Humidity 
Water Quality 


Product 


Documentation Check 

Dice Inspection 

Wire Bond Pull Strength/Controls 
Ball Bond Shear/Controls 

Die Shear Controls 
Post-Bond/Pre-Seal Visual 
Fine/Gross Leak 

PIND Test 

Lead Finish Visuals, Thickness 
Solderability 


Process 


Operator Quality Performance 
Saw Controls 

Die Attach Temperatures 
Seal Parameters 

Seal Temperature Profile 
Sta-Bake Profile 


Temp Cycle Chamber Temperature 


ESD Protection 
Plating Bath Controls 
Mold Parameters 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS (Continued) 


JAN Self-Audit 
Temperature/Humidity 

ESD Controls 

Temperature Test Calibration 
Test System Calibration 

Test Procedures 

Control Unit Compliance 


Lot Acceptance Conformance 


Group A Lot Acceptance 
JAN Self-Audit 

Wafer Repeat Correlation 
Visual Requirements 
Documentation 

Process Performance 

JAN Seif-Audit 
Functionality Board Check 
Oven Temperature Controls 
Procedural Conformance 
JAN Self-Audit 

ESD Controls 

Brand Permanency 
Temperature/Humidity 
Procedural Conformance 
JAN Self-Audit 

Group B Conformance 
Group C and D Conformance 


Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 


TABLE 2. HARRIS I.C. DESIGN TOOLS 
PRODUCTS 


Cds Spice 
Verilog 


Cds Spice 


Cadence 


Cds Spice 
Monte Carlo 


Functional Checking | Cadence 


Cadence 


Rules Checking Cadence 


Cadence 


Parasitic Extraction Cadence 


Special Testing 


Harris Semiconductor offers several standard screen flows to 
support a customer's need for additional testing and reliability 
assurance. These flows include environmental stress testing, 
burn-in, and electrical testing at temperatures other than 
+25°C. The flows shown on pages 9-6 and 9-7 indicate the 
Harris standard processing flows for a Commercial Linear part 
in PDIP Package. In addition, Harris can supply products 
tested to customer specifications both for electrical require- 
ments and for nonstandard environmental stress screening. 
Consult your field sales representative for details. 
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Harris Semiconductor Standard Processing Flows 


VISUAL INSPECTION 
MODIFIED 
MIL-STD-883 
METHOD 2010 
CONDITION B 
WITH QC MONITOR 


PROBE/DICE 
PREPARATION 


HIGH/ROOM 


TEMP 
PROBE TEST 


ASSEMBLY (1) 


m@ OPERATION 
%& QUALITY MONITOR 


DIE ATTACH 
CONTROL DIE MOUNT 
MOUNT CURE CONTROL 


% QUALITY DIE ATTACH 
CONTROL (SPC) 


WIRE BOND 
CONTROL WIRE BOND 


QUALITY WIRE BOND 
CONTROL (SPC) 


POST BOND 
VISUAL fATPC) INSPECTION 


YES 


* QUALITY POST BOND AS APPLICABLE 


INSPECTION 


MOLD CONTROL MOLDING 
MOLD CONTROL (SPC) 


BOTTOM CODE 
POST MOLD CURE 


LEAD FINISH 
CONTROL TRIM/FORM/DERAIL 


SINGULATED SOLDER DIP 


100% VISUAL INSPECTION 
LOAD SHIPPING TUBES 
* QALOT ACCEPTANCE 


* QA DOCUMENTATION 
INSPECTION 


(1) Example for a PDIP Package Part 
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Harris Semiconductor Standard Processing Flow (Continued) 


COMMERCIAL 


TEST (2) 


H OPERATION 
* QUALITY MONITOR 


AC/DC SINGLE 
INSERTION TEST 


100% ELECTRICAL TEST YES 


CAPABILITY; 
HIGH/LOW TEMP 


TOP BRAND YES 


PRE-BURN-IN ELECTRICAL 
TEST 


IF APPLICABLE 


BURN-IN 


POST BURN-IN 
ELECTRICAL TESTS 


APPLY BURN-IN PDA 


IF APPLICABLE 
IF APPLICABLE 


IF APPLICABLE 


QUALITY 


LOT ACCEPTANCE * QC PRESHIP LOT 


ACCEPTANCE TEST 


PDIP LEAD 


SCANNING 100% LEAD SCANNING 


PACKING 

*& QC PRESHIP LOT 
ACCEPTANCE 
INSPECTION 


FINAL DATA REVIEW 
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(2) Example for a Linear Part in PDIP Package 
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TABLE 3. SUMMARIZING CONTROL APPLICATIONS 


* Thin Film 
- Film Thickness 
- Uniformity 
- Refractive index 
- Film Composition 


Diffusion 

- Junction Depth 

- Sheet Resistivities 

- Oxide Thickness 

- Implant Dose Calibration 
Uniformity 


¢ Post-Seal 

Internal Package Moisture 
Tin Plate Thickness 

PIND Defect Rate 

Solder Thickness 

Leak Tests 


Pre-Seal 
- Die Prep Visuals : 
Yields - 
Die Attach Heater Block - 
Die Shear 
Wire Pull 
Ball Bond Shear 
Saw Blade Wear 
- Pre-Cap Visuals 


Seal 
- Temperature Cycle 


- Handlers/Test System 

- Defect Pareto Charts 

- Lot % Defective 

- ESD Failures per Month 


¢ Environment 
- Water Quality 
- Clean Room Control 
- Temperature 
- Humidity 


e 1QC 
- Vendor Performance 
- Material Criteria 
- Quality Levels 


Controlling and Improving the 
Manufacturing Process - SPC/DOX 


Statistical process control (SPC) is the basis for quality control 
and improvement at Harris Semiconductor. Harris manufac- 
turing people use control charts to determine the normal vari- 
abilities in processes, materials, and products. Critical 
process variables and performance characteristics are mea- 
sured and control limits are plotted on the control charts. 
Appropriate action is taken if the charts show that an opera- 
tion is outside the process control limits or indicates a nonran- 
dom pattern inside the limits. These same control charts are 
powerful tools for use in reducing variations in processing, 
materials, and products. Table 3 lists some typical manufac- 
turing applications of control charts at Harris Semiconductor. 


SPC is important, but still considered only part of the solution. 
Processes which operate in statistical control are not always 
capable of meeting engineering requirements. The conven- 
tional way of dealing with this in the semiconductor industry 
has been to implement 100% screening or inspection steps to 
remove defects, but these techniques are insufficient to meet 
today’s demands for the highest reliability and perfect quality 
performance. 


Harris still uses screening and inspection to “grade” products 
and to satisfy specific customer requirements for burn-in, mul- 
tiple temperature test insertions, environmental screening, 
and visual inspection as value-added testing options. How- 
ever, inspection and screening are limited in their ability to 


Module Rm. Solder Pot Temp. 


e Photo Resist 
- Critical Dimension 
- Resist Thickness 
- Etch Rates 


¢ Measurement Equipment 
- Critical Dimension 
- Film Thickness 
- 4 Point Probe 
- Ellipsometer 


¢ Measurement 
- XRF 
- Radiation Counter 
- Thermocouples 
- GM-Force Measurement 


- Monitor Failures 
- Lead Strengthening Quality 
- After Burn-in PDA 


¢ IQC Measurement/Analysis 
- XRF 
- ADE 
- 4 Point Probe 
- Chemical Analysis Equipment 


reduce product defects to the levels expected by today’s buy- 
ers. In addition, screening and inspection have an. associated 
expense, which raises product cost. (See Table 4). 


TABLE 4. APPROACH AND IMPACT OF STATISTICAL 
QUALITY TECHNOLOGY 


STAGE APPROACH IMPACT 


Product j¢* Stress and Test ¢ Limited Quality 
Screening 


¢ Defective Prediction j* Costly 
After-The-Fact 
Process 
Control 
Process 
Optimization 


Product 
Optimization 


Statistical Process 
Control 

e Just-In-Time 

Manufacturing 


¢ Identifies Variability 
e Reduces Costs 
¢ Real Time 


Design of Experi- 
ments 
Process Simulation 


Minimizes Variability 
¢ Before-The-Fact 


Insensitive to Vari- 
ability 

¢ Designed-in Quality 

Optimal Results 


Design for Produc- 
ibility 
Product Simulation 
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Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements 
are aimed at reducing the number of defects by studying the 
key variables controlling the process, and optimizing the 
procedures or design to yield the best result. This approach 
is a more time-consuming method of achieving quality per- 
fection, but a better product results from the efforts, and the 
basic causes of product nonconformance can be eliminated. 


SPC, DOX, and design for manufacturability, coupled with 
our 100% test flows, combine in a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. 


Average Outgoing Quality (AOQ) 


Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
current procedures and sampling plans outlined in MIL-STD- 
883 and MIL-M-38510 are used by our quality inspectors. 


The focus on this quality parameter has resulted in a contin- 
uous improvement to less than 100 PPM, and the goal is to 
continue improvement toward 0 PPM. 


Training 


The basis of a successful transition from conventional quality 
programs to more effective, total involvement is training. 
Extensive training of personnel involved in product manufac- 
turing began in 1984 at Harris, with a comprehensive devel- 


opment program in statistical methods. Using the resources 
of Harris statisticians, private consultants, and internally 
developed programs, training of engineers, supervisors, and 
operators/technicians has been an ongoing activity in Harris 
Semiconductor. 


Over the past years, Harris has also deployed a comprehen- 
sive training program for hourly operators and supervisors in 
job requirements and functional skills. All hourly manufactur- 
ing employees participate (see Table 5). 


Incoming Materials 


Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance- 
ment, yield improvement, and cost control. With the use of 
statistical techniques, the influence of silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when materials feeding a_ statistically 
controlled manufacturing line have also been produced by 
statistically controlled vendor processes. 


To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendor's 
factory acts as if it were a beginning of the Harris production line. 


SPC seminars, development of open working relationships, 
understanding of Harris’ manufacturing needs and vendor 
capabilities, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
longer is the only quantitative requirement of incoming materials. 


TABLE 5. SUMMARY OF TRAINING PROGRAMS 


SPC, Basic Manufacturing Operators, 
Non-Manufacturing 


Personnel 


SPC, Intermediate 


SPC, Advanced 


Design of Experiments 
(DOX) 


Response Surface Engineers, Managers 
Methods (RSM) 


Manufacturing Supervisors, 
Technicians 


Manufacturing Engineers, 
Manufacturing Managers 


Engineers, Managers 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 
Measurement Process Evaluation, Introduction to Capability 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 
Measurement Process Evaluation, Advanced Control Charts, Variance Com- 
ponent Analysis, Capability Analysis 


Factorial and Fractional Designs, Blocking Designs, Nested Models, Analysis 
of Variance, Normal Probability Plots, Statistical Intervals, Variance Compo- 
nent Analysis, Multiple Comparison Procedures, Hypothesis Testing, Model 
Assumptions/Diagnostics 


Simple Linear Regression, Multiple Regression, Coefficient Interval Estima- 
tion, Diagnostic Tools, Variable Selection Techniques 


Steepest Ascent Methods, Second Order Models, Central Composite De- 
signs, Contour Plots, Box-Behnken Designs 
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Specified requirements include centered means, statistical In addition to the certification process, Harris has worked to 
control limits, and the requirement that vendors deliver their promote improved quality in the performance of all our qualified 
products from their own statistically evaluated, in-control manu- vendors who must meet rigorous incoming inspection criteria 
facturing processes. (see Table 6). 


TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


MATERIAL INCOMING INSPECTIONS VENDOR DATA REQUIREMENTS 


Chemicals/Photoresists/ 
Gases 


Thin Film Materials 


Assembly Materials 


° Resistivity 

Crystal Orientation 
Dimensions 

Edge Conditions 

Taper 

Thickness 

Total Thickness Variation 
Backside Criteria 
Oxygen 

Carbon 


Chemicals 

- Assay 

- Major Contaminants 
Molding Compounds 

- Spiral Flow 

- Thermal Characteristics 
Gases 

- Impurities 
Photoresists 

- Viscosity 

- Film Thickness 

- Solids 

- Pinholes 


Assay 
Selected Contaminants 


Visual Inspection 


Physical Dimension Checks 


Glass Composition 
Bondability 


Intermetallic Layer Adhesion 


lonic Contaminants 
Thermal Characteristics 
Lead Coplanarity 
Plating Thickness 
Hermeticity 


¢ Equipment Capability Control Charts 

- Oxygen 

- Resistivity 

Control Charts Related to 

- Enhanced Gettering 

- Total Thickness Variation 

- Total Indicated Reading 

- Particulates 

Certificated of Analysis for all Critical Parameters 
Control Charts from On-Line Processing 
Certificate of Conformance 


Certificate of Analysis on all Critical Parameters 
Certificate of Conformance 
Control Charts from On-Line Processing 
Control Charts 
- Assay 
- Contaminants 
- Water 
- Selected Parameters 
Control Charts 
- Assay 
- Contaminants 
Control Charts on 
- Photospeed 
- Thickness 
- UV Absorbance 
Filterability 
Water 
Contaminants 


Control Charts from On-Line Processing 
Control Charts 

- Assay 

- Contaminants 

- Dimensional Characteristics 

Certificate of Analysis for all Critical Parameters 
Certificate of Conformance 


Certificate of Analysis 
Certificate of Conformance 


Process Control Charts on Outgoing Product Checks 
and In-Line Process Controls 
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Calibration Laboratory 


Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a national stan- 
dards. Each lab maintains a system which conforms to the 
current revision of MIL-STD-45662, “Calibration System 
Requirements.” 


Each instrument requiring calibration is assigned a calibration 
interval based upon stability, purpose, and degree of use. The 
equipment is labeled with an identification tag on which is 
specified both the date of the last calibration and of the next 
required calibration. The Calibration Lab reports on a regular 
basis to each user department. Equipment out of calibration is 
taken out of service until calibration is performed. The Quality 
organization performs periodic audits to assure proper control 
in the using areas. Statistical procedures are used where 
applicable in the calibration process. 


Manufacturing Science - CAM, JIT, TPM 


In addition to SPC and DOX as key tools to control the prod- 
uct and processes, Harris is deploying other management 
mechanisms in the factory. On first examination, these tools 
appear to be directed more at schedules and capacity. How- 
ever, they have a significant impact on quality results. 


Computer Aided Manufacturing (CAM) 


CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi- 
tion, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work in process (WIP) and inventories. 


The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a num- 
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 


The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers spend less time in 
production areas awaiting processing. Lower inventory also 
improves morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 


Just In Time (JIT) 


The major focus of JIT is cycle time reduction and linear pro- 
duction. Significant improvements in these areas result in 
large benefits to the customer. JIT is a part of the Total Quality 
Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination of 
waste. 


Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added activ- 
ities, demand/pull to improve production flow, TQC check 
points and Employee Involvement Teams using root cause 
analysis for problem solving. 


JIT implementations at Harris Semiconductor have resulted in 
significant improvements in cycle time and linearity. The bene- 
fits from these improvements are better on time delivery, 
improved yield, and a more cost effective operation. 


JIT, SPC, and TPM are complementary methodologies and 
used in conjunction with each other create a very powerful 
force for manufacturing improvement. 


Total Productive Maintenance (TPM) 


TPM or Total Productive Maintenance is a specific methodol- 
ogy which utilizes a definite set of principles and tools focus- 
ing on the improvement of equipment utilization. It focuses on 
the total elimination of the six major losses which are equip- 
ment failures, setup and adjustment, idling and minor stop- 
pages, reduced speed, process defects, and reduced yield. A 
key measure of progress within TPM is the overall equipment 
effectiveness which indicates what percentage of the time is a 
particular equipment producing good parts. The basic TPM 
principles focus on maximum equipment utilization, autono- 
mous maintenance, cross functional team involvement, and 
zero defects. There are some key tools within the TPM techni- 
cal set which have proven to be very powerful to solve long 
standing problems. They are initial clean, P-M analysis, condi- 
tion based maintenance, and quality maintenance. 


Utilization of TPM has shown significant increases in utiliza- 
tion on many tools across the Sector and is rapidly becoming 
widespread and recognized as a very valuable tool to improve 
manufacturing competitiveness. 


The major benefits of TPM are capital avoidance, reduced 
costs, increased capability, and increased quality. It is also 
very compatible with SPC techniques since SPC is a good 
stepping stone to TPM implementation and it is in turn a good 
stepping stone to JIT because a high overall equipment effec- 
tiveness guarantees the equipment to be available and opera- 
tional at the right time as demanded by JIT. 
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The reliability operations for Harris Semiconductor are consol- 
idated into three locations; in Palm Bay, Florida, and Research 
Triangle Park, North Carolina, for integrated circuits products, 
and Mountaintop, Pennsylvania for Power Discrete Products. 
This consolidation brought the reliability organizations 
together to form a team that possesses a broad cross section 
of expertise in: 

e Custom Military 

¢ Automotive ASICs 

¢ Harsh Environment Plastic Packaging 

e Advanced Methods for Design for Reliability (DFR) 

¢ Strength in Power Semiconductor 

¢ Chemical/Surface Analysis Capabilities 


The reliability focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics and service systems. These 
major systems are summarized below: 


e A process and product development system which 
emphasizes getting new products to market over product 
design. Uses empowered cross functional development 
teams. 


Standard test vehicles (96 in all) for process characteriza- 
tion of wearout failure mechanisms using conventional 
stresses (for modeling FITs/MTTF) and wafer level reliabil- 
ity characterization during development. 


Common qualification standards and philosophy for all 
sites and developments. 


Matrix monitor standard - a reliability monitoring system 
for products in production to insure ongoing reliability and 
verification of continuous improvement. 


Field return failure analysis system deployed world wide to 
track and expedite root cause analysis and irreversible 
corrective actions in a timely manner for our customers. 
The system is called by the team name PFAST, Product 
Failure Analysis Solution Team. Failure analysis sites are 
located in Brussels, Mountaintop, Palm Bay, Singapore, 
Kuala Lumpur, and Hong Kong. In order to optimize our 
response time to the customer all locations are networked 
for optinum communication, trend analysis, and perfor- 
mance tracking. 


Integrated circuits reliability home base is in Palm Bay, Flor- 
ida. This new facility has consolidated the reliability organiza- 
tion of the standard products divisions reliability group from 
Palm Bay, Florida; Somerville, New Jersey; Santa Clara, Cali- 
fornia, and the Military and Aerospace Division in Palm Bay, 
Florida. This facility contains 


¢ A 9,000 square foot reliability analysis laboratory, 
¢ An 8,000 square foot reliability stress testing facility, 


¢ A5,000 square foot analytical (chemistry/surface analysis) 
laboratory, 


¢ A3,000 square foot of engineering office space. 


The facilities are well equipped and manned with highly 
trained and disciplined analysts. The reliability facilities are 
JAN certified and certified by a host of customers including 
major automotive and telecommunications companies. 


Process/Product/Package Qualifications 


Qualification activities at Harris begin with the in-depth qualifi- 
cation of new wafer processes. These process qualifications 
focus on the use of test vehicles to characterize wearout 
mechanisms for each process. These data are used to estab- 
lish design ground rules for each process to eliminate wearout 
failure during the useful life of the product. Products designed 
within the established ground rules are qualified individually 
prior to introduction. New package configurations are qualified 
individually prior to being available for new products. Harris 
qualification procedures are specified via controlled documen- 
tation. 


Product/Package Reliability Monitors 


Many of the accelerated stress-tests used during initial reli- 
ability qualification are also employed during the routine moni- 
toring of standard production product. Harris’ continuing 
reliability monitoring program consists of three groups of 
stress tests, labeled Matrix |, Il and Ill. As an example, Table 7 
Outlines the Matrix tests used to monitor plastic packaged 
CMOS Logic ICs in Harris’ Malaysia assembly plant, where 
each wafer fab technology is sampled weekly for both Matrix | 
and il. Matrix | consists of highly accelerated, short duration 
(48 hours or less) tests, which provide real-time feedback on 
product reliability. Matrix Il consists of the more traditional, 
longer term stress-tests, which are similar to those used for 
product qualification. Finally, Matrix Ill, performed monthly on 
each package style, monitors the mechanical reliability 
aspects of the package. Any failures occurring on the Matrix 
monitors are fully analyzed and the failure mechanisms identi- 
fied, with corrective actions obtained from Manufacturing and 
Engineering. This information along with all of the test results 
are routinely transmitted to a central data base in Reliability 
Engineering, where failure rate trends are analyzed and 
tracked on an ongoing basis. These data are used to drive 
product improvements, so as to ensure that failure rates are 
continuously being reduced over time. 


TABLE 7. PLASTIC PACKAGED CMOS LOGIC ICS MALAYSIA 
RELIABILITY MONITORING TESTS. 


MATRIX I 


TEST | CONDITIONS — DURATION | SAMPLE 
ace | ee mm | 
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TABLE 7. PLASTIC PACKAGED CMOS LOGIC ICS MALAYSIA 
RELIABILITY MONITORING TESTS (Continued) 


MATRIX Il 


Bias Life +125°C 1000 
Dynamic Life +125°C 1000 
Biased Humidity +85°C, 85% RH | 1000 Hours 


Autoclave 15 PSIG, +121°C, 
100% RH 


MATRIX Ill 


[er [coors [sae 
a 
Cea A 
enon | mwoweeos | 
Foon [wcoevensson | 


Field Return Product Analysis System 


The purpose of this system is to enable Harris’ Field Sales 
and Quality operations to properly route, track and respond 
to our customers’ needs as they relate to product analysis. 


The Product Failure Analysis Solution Team (PFAST) con- 
sists of the group of people who must act together to provide 
timely, accurate and meaningful results to customers on 
units returned for analysis. This team includes the salesman 
or applications engineer who gets the parts from the cus- 
tomer, the PFAST controller who coordinates the response, 
the Product or Test Engineering people who obtain charac- 
terization and/or test data, the analysts who failure analyze 
the units, and the people who provide the ultimate corrective 
action. It is the coordinated effort of this team, through the 
system described in this document that will drive the Cus- 
tomer responsiveness and continuous improvement that will 
keep Harris on the forefront of the semiconductor business. 


The system and procedures define the processing of prod- 
uct being returned by the customer for analysis performed by 
Product Engineering, Reliability Failure Analysis and/or 
Quality Engineering. This system is designed for processing 
“sample” returns, not entire lot returns or lot replacements. 


The philosophy is that each site analyzes its own product. 
This applies the local expertise to the solutions and helps 
toward the goal of quick turn time. 


Goals: quick, accurate response, uniform deliverable (con- 
sistent quality) from each site, traceability. 


The PFAST system is summarized in the following steps: 
1) Customer calls the sales rep about the unit(s) to return. 


2) Fill out PFAST Action Request - see the PFAST form in 
this section. This form is all that is required to process a 
Field Return of samples for failure analysis. This form 
contains essential information necessary to perform root 
cause analysis. (See Figure 2). 


3) The units must be packaged in a manner that prevents 
physical damage and prevents ESD. Send the units and 
PFAST form to the appropriate PFAST controller. This 
location can be determined at the field sales office or rep 
using “look-up™tables in the PFAST document. 


4) The PFAST controller will log the units and route them to 
ATE testing for data log. 


5) Test results will be reviewed and compared to customer 
complaint and a decision will be made to route the failure 
to the appropriate analytical group. 


6) The customer will be contacted with the ATE test results 
and interim findings on the analysis. This may relieve a 
line down situation or provide a rapid disposition of mate- 
rial. The customer contact is valuable in analytical pro- 
cess to insure root cause is found. 


7) A report will be written and sent directly to the customer 
with copies to sales, rep, responsible individuals with cor- 
rective actions and to the PFAST controller so that the 
records will capture the closure of the cycle. 


8) Each report will contain a feedback form (stamped and 
preaddressed) so that the PFAST team can assess their 
performance based on the customers assessment of 
quality and cycle time. 


9) The PFAST team objectives are to have a report in the 
customers hands in 28 days, or 14 days based on agree- 
ments. Interim results are given real-time. 
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Request # 


HARRI 5 Customer Analysis# 


SEMICONDUCTOR PFAST ACTION REQUEST 


Hi 


Date: 


ORIGINATOR CUSTOMER 


LOCATION/PHONE No. LOCATION 
DEVICE TYPE/PART No. PURCHASE ORDER NO. 
No. SAMPLES RETURNED QUANTITY RECEIVED 


THE COMPLETENESS AND TIMELY RESPONSE OF THE EVALUATION IS DIRECTLY RELATED TO THE COMPLETENESS 
OF THE DATA PROVIDED. PLEASE PROVIDE ALL PERTINENT DATA. ATTACH ADDITIONAL SHEETS IF NECESSARY. 
(Where appropriate serialize waits and specify for each) 


TEST CONDITIONS RELATING TO FAILURE 
0 TESTER USED (MFGR/MODEL) 
© Test TEMPERATURE 
O Test Time: OF CONTINUOUS TEST 
O One SHoT (T = SEC) 
1 DESCRIPTION OF ANY OBSERVED CONDITION TO 
WHICH FAILURE APPEARS SENSITIVE: 


1. O INCOMING INSPECTION 
© 100% ScREEN UO) SAMPLE INSPECTION 
No. TESTED No. OF REJECTS 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 
O YES O NO 
(C) BRIEF DESCRIPTION OF EVALUATION 
AND RESULTS ATTACHED 
2. O IN PROCESS/MANUFACTURING FAILURE 
© BOARD CHECKOUT © SYSTEM CHECKOUT 
0 FAILED ON TURN-ON 
CO) FAILED AFTER HOURS OPERATION 


1. O DC FAILURES 
O Opens 1 SHorts 0 LEAKAGE CO STRESS 
© Power Drain OC InpuT LEVEL 0 Output LEVEL 
1 List OF FORCING CONDITIONS AND MEASURED 

RESULTS FOR EACH PIN IS ATTACHED 

C1 POWER SUPPLY SEQUENCING ATTACHED 

2. O AC FAILURES 

LIST FAILING CHARACTERISTICS 


WAS UNIT RETESTED UNDER INCOMING INSPECTION 
CONDITIONS? O YES O NO 
© BRIEF DESCRIPTION OF HOW FAILURE WAS ISOLATED 


TO COMPONENT ATTACHED 
3. O FIELD FAILURE 

FAILED AFTER HOURS OPERATION 

ESTIMATED FAILURE RATE % PER 1000 HOURS 

END USER LOCATION 

AMBIENT TEMPERATURE C 

MIN. C MAX. cS 

REL. HUMIDITY % 

[1 END USER FAILURE CORRESPONDENCE ATTACHED 


ACTION REQUESTED BY CUSTOMER 


SPECIFIC ACTION REQUESTED 


ADDRESS OF FAILING LOCATION (IF APPLICABLE) 


ATTACHED: 
C1 List OF POWER SUPPLY AND DRIVER LEVELS 
(Include pictures of waveforms). 
© List OF OUTPUT LEVELS AND LOADING CONDITIONS 
0 INPUT AND OUTPUT TIMING DIAGRAMS 
© DESCRIPTION OF PATTERNS USED 
(If not standard patterns, give very complete 
description including address sequence). 
3. 0 PROM PROGRAMMING FAILURES 
ADDRESS OF FAILURES 
PROGRAMMER USED (MFG/MODEL/REV. NO.) 


IMPACT OF FAILED UNITS ON CUSTOMER’S SITUATION: 


CUSTOMER CONTACTS WITH SPECIFIC KNOWLEDGE OF REJECTS 


4. 0 PHYSICAL/ASSEMBLY RELATED FAILURES 
© SEE COMMENTS BELOW 0 SEE ATTACHED 


PHONE 


Additional Comments: 


FIGURE 2. PFAST ACTION REQUEST 
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INSTRUCTIONS FOR COMPLETIN N_RE FORM 


The purpose of this form is to help us provide you with a more accurate, complete, and timely response to failures which may occur. 
Accurate and complete information is essential to ensure that the appropriate corrective action can be implemented. Due to this need 
for accurate and complete information, requests without a compieted PFAST Action Request form will be returned. 


Source of Problem: 
This section requests the product flow leading to the failure. Mark an "X" in the appropriate boxes up to and including the step which 
detected the failure. Also mark an "X* in the appropriate box under ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 


to indicate whether this is a rare failure or a repeated probiem. 


Example 1. No incoming electrical test was performed, the Example 2. 100 out of the 500 units shipped were tested 
units were installed onto boards, the boards functioned at incoming and all passed. The units were installed into 
correctly for two hours and then 1 unit failed. The boards and the boards passed. The boards were installed 
customer rarely has a failure due to this Harris device. into the system and the system failed immediately when 


turned on. There were 3 system failures due to this part. 
The customer frequently has failures of this Harris device. 
The 3 units were not retested at incoming. 


SOURCE OF PROBLEM 
(Eater the sequence of evens ia the boxes provided) 


1. VISUAL/MECHANICAL 
© DescRIBE 


SOURCE OF PROBLEM 
(Eater the sequence of events in the boxes provided) 


. VISUAL/MEBCHANICAL 
a Gy Sea RS ahaa ye eens Cate enema 
2. INCOMING TEST © NoT PERFORMED 
© 100% TesteD &@ SAMPLE TESTED 
No. Testep {QQ_ No. or Resects_@ 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 


2. INCOMING TEST @ Not PERFORMED 
© 100% TesteD © SAMPLE TESTED 
No. TESTED _____ No. OF REJECTS _ 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 


O YES O NO @ YES O NO 
3. IN PROCESS/MANUFACTURING FAILURE 3. In PROCESS/MANUFACTURING FAILURE 
@ BoarD TEST © System TEST @ Boarp TEst @ System TEST 


HOW MANY UNITS FAILED? _,3 

FAILED AFTER (HOURS OF TESTING 

WAS UNIT RETESTED AT INCOMING INSPECTION? 
O YES NO 


HOW MANY UNITS FAILED? 
FAILED AFTER 2 HOURS OF TESTING 
WAS UNIT RETESTED AT INCOMING INSPECTION? 


O YES @ NO 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 
O YES @ NO @ YES 0 NO 


4. FIELD FAILURE 
FAILED AFTER HOURS OPERATION 
ESTIMATED FAILURE RATE % PER 
END USER LOCATION 
MIN. °C AVE °C Max. a 
OTHER 


4. FIELD FAILURE 
FAILED AFTER ____ HOURS OPERATION 
ESTIMATED FAILURE RATE ___% PER 
END USER LOCATION 
MIN. °C AVE °C MAX. os 2 


. OTHER 


$ 


Action Requested by Customer: 


This section should be completed with the customer's expectations. This information is essential for an appropriate response. 


Reason for Electrical Reject: 
This section should be completed if the type of failure could be identified. If this information is contained in attached customer 


correspondence there is no need to transpose onto the PFAST Action Request form. 
PFAST REQUIREMENTS 


The value of returning failing products is in the corrective actions that are generated. Failure to meet the following requirements can 
cause an erroneous conclusion and corrective action; therefore, failure to meet these requirements will result in the request being 
returned. Contact the local PFAST Coordinator if you have any questions. 


Units with conformal coating should include the coating manufacturer and model. This is requested since the coating must be removed 
in order to perform electrical or hermeticity testing. 


1) Units must be returned with proper ESD protection (ESD-safe shipping tubes within shielding box/bag or inserted into conductive 
foam within shielding box/bag). No tape, paper bags, or plastic bags should be used. This requirement ensures that the devices are 
not damaged during shipment back to Harnis. 


2) Units must be intact (lid not removed and at least part of each package lead present). This requirement is in place since the parts 
must be intact in order to perform electrical test. Also, opening the package can remove evidence of the cause for failure and lead to 
an incorrect conclusion. 


3) Programmable parts (ROMs, PROMS, UVEPROMs, and EEPROMs) must include a master unit with the same pattern. This 
requirement is to provide the pattern so all failing locations can be identified. A master unit is required if a failure analysis is requested. 


FIGURE 2. PFAST ACTION REQUEST (Continued) 
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Failure Analysis Laboratory 


The Failure Analysis Laboratory's capabilities encompass 
the isolation and identification of all failure modes/failure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. 


Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
Step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective 
actions. To ensure the integrity of the analysis, correlation 
of the failure mechanism to the initial electrical failure is 
essential. 


A general failure analysis procedure has been established 
in accordance with the current revision of MIL-STD-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failure without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are 
determined as the situation dictates. (See Figures 3 and 4). 
Records are maintained by laboratory personnel and con- 
tain data, the failure analyst's notes, and the formal Product 
Analysis Report. 


Analytical Services Laboratory 


Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate in fully integrated approaches necessary to 


SPECIAL TESTS 


FAILURE MODE 
PREDICTIONS 


SELECT ANALYSIS PATH 


FIGURE 3. NON-DESTRUCTIVE 


complete analytical studies. The capabilities of each area 
are shown below. 


SPECTROSCOPIC METHODS: Colorimetry, Optical Emis- 
sion, Ultraviolet Visible, Fourier Transform-infrared, Flame 
Atomic Absorption, Furnace Organic Carbon Analyzer, Mass 
Spectrometer. 


CHROMATOGRAPHIC METHODS: Gas Chromatography, 
lon Chromatography. 


THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 


PHYSICAL METHODS: Profilometry, Microhardness, Rhe- 
ometry. 


CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
lon Electrodes. 


ELECTRON MICROSCOPE: Transmission Electron Micros- 
copy, Scanning Electron Microscope. 


X-RAY METHODS: Energy Dispersive X-ray Analysis 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), X-ray 
Fluorescence Spectrometry, X-ray Diffraction Spectrometry. 


SURFACE ANALYSIS METHODS: Scanning Auger Micro- 
probe, Electron Spectroscopy/Chemical Analysis, Second- 
ary lon Mass Spectrometry, lon Scattering Spectrometry, lon 
Microprobe. 


The department also maintains ongoing working arrange- 
ments with commercial, university, and equipment manufac- 
turers’ technical service laboratories, and can obtain any 
materials analysis in cases where instrumental capabilities 
are not available in our own facility. 


FIGURE 4. DESTRUCTIVE 
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Reliability Fundamentals and Calculation 
of Failure Rate 


Table 8 below defines some of the more important terminol- 
ogy used in describing the lifetime of integrated circuits. 


Of prime importance is the concept of “failure rate” and the 
calculation thereof. 


Failure Rate Calculations 


Reliability data may be composed of several different failure 
mechanisms and the combining of potentially diverse failure 
rates into one comprehensive failure rate is desired. The fail- 
ure rate calculation is complicated because the failure mecha- 
nisms are thermally activated at differing rates. Additionally, 
this data is usually obtained on a number of life tests per- 
formed at unique stress temperatures. The equation below 
accounts for these considerations along with a statistical fac- 
tor to obtain the upper confidence level (UCL) for the resulting 
failure rate. 


B x 
re eth sc ear aa , . MX 108 
gan esaes eae! 
2 TDH; AF SH 


i=1 


where, 
= failure rate in FITs (Number fails in 10° device hours) 
= # of distinct possible failure mechanisms 
= # of life tests being combined 


,= # of failures for a given failure mechanism 
m1 52;25 00 


Total device hours of test time (unaccelerated) for 
Life Test j,j= 1,2, 3,...k 


= Acceleration factor for appropriate failure mecha- 
nism i=1,2,...k 


bo 2r+ 22 
where, 
X? = chi square factor for 2r + 2 degrees of freedom 
r = total number of failures (Z x)) 
a = risk associated with UCL; 
i.e. a = (100-UCL(%))/100 


In the failure rate calculation, Acceleration Factors (AF) are 
used to derate the failure rate from the thermally accelerated 
life test conditions to a failure rate indicative of actual use 
temperature. Although no standard exists, a temperature of 
+55°C has been popular. Harris Semiconductor Reliability 
Reports will derate to +55°C and will express failure rates at 
60% UCL. Other derating temperatures and UCLs are 
available upon request. 


TABLE 8. FAILURE RATE PRIMER 


Failure Rate A 


MTTF (Mean Time To Failure) 


Confidence Level (or Limit) 


Acceleration Factor (AF) 


TERMS DEFINITIONS/DESCRIPTION 


Measure of failure per unit of time. The failure rate typically decreases slightly over 
early life, and then becomes relatively constant over time. The on set of wearout will 
show an increasing failure rate, which should occur well beyond useful life. The useful 
life failure rate is based on the exponential life distribution 


Mean of the life distribution for the population of devices under operation or expected 
lifetime of an individual, MTTF = 1/A, which is the time where 63.2% of the population 
has failed. Exampled: For’ = 10 FITS (or 10 E-9/Hr.), MTTF = 1/A = 100 million hours. 


Probability level at which population failure rate estimates are derived from sample life 
test: 10 FITs at 95% UCL means that the population failure rate is estimated to be no 
more that 10 FITs with 95% certainty. The upper limit of the confidence interval is used. 


A constant derived from experimental data which relates the times to failure at two 
different stresses. The AF allows extrapolation of failure rates from accelerated test 
conditions to use conditions. 
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Acceleration Factors 


Acceleration factor is determined from the Arrhenius 
Equation. This equation is used to describe physiochemical 
reaction rates and has been found to be an appropriate 
model for expressing the thermal acceleration of semicon- 
ductor failure mechanisms. 


E 
AF = ee fo (gto 1 ) 
k Tuse T stress 


where, 
AF = Acceleration Factor 
E, = Thermal Activation Energy (See Table 9) 
k = Boltzmann’s Constant (8.63 x 10°5 eV/°K) 
Both Tyse aNd Tgtress (in degrees Kelvin) include the internal 


temperature rise of the device and therefore represent the 
junction temperature. 


Activation Energy 


The Activation Energy (E,) of a failure mechanism is deter- 
mined by performing at least two tests at different levels of 
stress (temperature and/or voltage). The stresses will pro- 
vide the time to failure (t,) for the two (or more) populations 
thus allowing the simultaneous solution for the activation 
energy as follows: 


In (tt) = C + E 
kT, 


In (t) = C + &, 
kT» 


By subtracting the two equations, and solving for the activa- 
tion energy, the following equation is obtained: 


E,= =k [In(ty,) - In(t.)] 
(1/T1 - 1/T2) 
where, 


E, = Thermal Activation Energy (See Table 9) 
k = Boltzmann’s Constant (8.63 x 10-5 eV/°K) 
T;, T2= Life test temperatures in degrees Kelvin 


TABLE 9. FAILURE MECHANISM 


Assembly 0.5 - 0.7eV 


Electromigration 
- Al Line 
- Contact 


vated temperatures. 


Mask Defects/ 
Photoresist 
Defects 


and HTOL. 


Contamination 


FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 
Oxide Defects 0.3 - 0.5eV High temperature operating life (HTOL) and | Statistical Process Control of oxide parameters, 
voltage stress. Defect density test vehicles. | defect density control, and voltage stress testing. 
Silicon Defects 0.3 -0.5eV HTOL & voltage stress screens. Vendor statistical Quality Control programs, and 
(Bulk) Statistical Process Control on thermal processes. 
0.45eV Highly accelerated stress testing (HAST) 


Temperature cycling, temperature and me- | Vendor Statistical Quality Control programs, Sta- 
chanical shock, and environmental stressing. 


Test vehicle characterizations at highly ele- 


Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 


C-V stress at oxide/interconnect, wafer FAB 
device stress test and HTOL. 


Charge Injection 1.3eV HTOL & oxide characterization. Design ground rules, wafer level Statistical Pro- 
cess Control and critical dimensions for oxides. 


Passivation dopant control, hermetic seal control, 
improved mold compounds, and product handling. 


tistical Process Control of assembly processes, 
proper handling methods. 


Design ground rules, wafer process statistical pro- 
cess steps, photoresist, metals and passivation 


Clean room control, clean mask, pellicles, Statisti- 
cal Process Control of photoresist/etch processes. 


Statistical Process Control of C-V data, oxide/in- 
terconnect cleans, high integrity glassivation and 
clean assembly processes. 
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AN # 
509 


514 


515 


517 


519 


525 


526 


538 


540 


541 


544 


546 


TITLE 


A Simple Comparator 
Using The HA-2620 


The HA-2400 PRAM 
Four Channel 
Operational Amplifier 


Operational Amplifier 
Stability: Input 
Capacitance 
Considerations 


Applications of a 
Monolithic Sample and 
Hold/Gated Op Amp 


Operational Amplifiers 
Noise Prediction 


HA-5190/5195 Fast 
Settling Operational 
Amplifier 
HA-5190/5195 Video 
Applications 


Monolithic Sample/Hold 
Combines Speed and 
Precision 


HA-5170 Precision Low 
Noise J-FET Input 
Operational Amplifier 


Using HA-2539/2540 
Very High Slew-Rate 
Wideband Operational 
Amplifiers 


Micropower Op Amp 
Family, HA-514X, and 
HA-515X 


A Method of Calculating 
HA-2625 Gain 
Bandwidth Product vs 
Temperature 


APPLICATION NOTE ABSTRACTS AND 
SPICE MODEL LISTING 


ABSTRACTS 
Performance characteristics, application schematics, output parameter control methods. 


HA-2400 PRogrammable Analog Microcircuit description, frequency compensation, 
applications (analog multiplexer, non-inverting programmable gain amplifier, inverting 
programmable gain amplifier, programmable attenuator, programmable adder-subtractor, 
phase selector, phase detector, synchronous rectifier, balanced modulator, integrator, ramp 
generator, track and hold, sample and hold, sine wave oscillator, multivibrator, active filter, 
programmable power supply, comparator, multiplying D/A converter). 


Input capacitance and _ stability, capacitive feedback compensation, guidelines for 
compensation requirements. 


General Sample and Hold information and fourteen specific applications, including filtered 
Sample & Hold DAC de-glitcher, Integrate-Hold-Reset, gated op amp, etc 


Noise model and equations, procedure for computing total output noise, example, broadband 
noise measurement, spot noise prediction techniques, typical spot noise curves, popcorn 
noise discussion. 


Internal schematic, prototyping considerations, frequency compensation, performance 
enhancement methods, applications. 


Video applications, video response tests, S/N ratio measurements, power supply 
requirements temperature considerations, design hints, prototyping tips, RF AGO amplifier, 
DC gain controlled video amplifier. 


Description and electrical specifications for the HA-5320 Sample/Hold Amplifier, explanation 
of errors sources, and HA-5320 applications. 


Internal design and technology, J-FET noise discussion, trimming of offset voltage, single op 
amp Instrumentation Amplifier, sine wave oscillator, high impedance transducer interface, 
current source/sink and current sense circuits. 


Prototyping considerations, output short circuit protection, offset voltage adjustment, 
frequency compensation, composite amplifier scheme, DC error reduction, boosting output 
current, increasing output signal swing, cascade amplifier, video gain block, high frequency 
oscillator, wideband signal splitter. 


Operation, noise performance, applications (remote sensor loop transmitter, charge pool 
power supply, low power microphone preamplifier, AGO with squelch control, Wein bridge 
oscillator, bar code scanner, monostable multivibrator). 


A method of calculating Gain Bandwidth product performance versus temperature for the HA- 
2625 Op Amp. 


See page iv for information on Ordering Literature 
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AN # 
548 


549 


550 


551 


552 


553 


554 


556 


558 


571 


573 


574 


607 


9006 


9101 


A007 


A013 


Application Note Abstracts (continued 


TITLE 


A Designer's Guide for 
the HA-5033 Video 
Buffer 


The HC-550X 


Telephone Subscriber 
Line Interface Circuit 


Using the HA-2541 


Recommended Test 
Procedures for 
Operational Amplifiers 


Using the HA-2542 


Using the HA-5147/ 
5137/5127 


Low Noise Family 
HA-5101/5102/5104/ 
5112/5114 


Thermal Safe- 
Operating-Areas for 
High Current Op Amps 


Using the HV1205 AC to 
DC Converter 


Using Ring Sync with 
HC-5502A and HC5504 
SLICs 


The HC-5560 Digital 
Line Transcoder 


Understanding PCM 
Coding 

Delta Modulation for 
Voice Transmission 


HV-2405E Operation 
from Full Bridge 


High Current Off Line 
Power Supply 


Using the 8048/8049 
Monolithic Log-Anti-Log 
Amplifiers 

Everything You Always 


Wanted to Know About 
the 8038 


ABSTRACTS 


Operation, video performance, video parameter specifications, Y parameters, applications 
(flash converter pre-driver, coaxial line driver, video gain block, high speed sample and hold, 
audio drivers, crystal oscillator). 


Complete description of device functionality and applications of SLIC. 


Prototyping guidelines, thermal considerations and heat sinking, performance 
enhancements, applications (Wein bridge oscillator, high power gain stage, video stage with 
clamp, multiplexer/demultiplexer, disk drive write amplifier, gain programmable amp, 
composite amp). 


Operational amplifier test procedures for offset voltage, bias current, offset current, power 
Supply rejection ratio, common mode rejection ratio, output voltage swing, output current, 
open loop gain, slew rate, full power bandwidth, transient response, settling time, GBP. phase 
margin. noise voltage and current, and channel separation. 


Prototyping guidelines, thermal considerations and heat sinking, performance 
enhancements, applications (multi-channel security system, unbalanced coaxial driver, flash 
converter driver, programmable power supply, bridge load driver, high current stage, 
differential line driver, DC motor speed control). 


Construction and operation, low noise design applications (instrumentation amplifier bridge 
sensor, multiplexer, precision threshold detector, audio driver, NAB amplifier, multivibrator, 
programmable gain stage, log amp, professional mixer). 


Low noise design, operation, applications (Electronic scales, programmable attentuator, 
Baxandal circuit, RIAA amplifier, NAB preamplifier, microphone amplifier, standard and simple 
biquads, professional mixer. 


Thermal management equations and curves indicating areas of Vout and loy7 for safe 
operation. Also, the effects of packaging and heat sinking are examined. 


Explains the basic theory of operation of the HV-1205. Presents a discussion of external 
components required for operation, PC board layout recommendations and safety 
considerations. 


Describes use of the SLICs Ring Synchronization pin and why you should use it. 


Full functional and applications description of HC-5560 transcoder and line codes. 


The process of converting analog voice signals into Time Division Multiplexed (TDM) Pulse 
Code Modulated (PCM) format is described and illustrated. 


Introduction to delta modulation coding techniques, 4 general applications, including digital 
transmission encryption, voice scrambling and audio delay. Also CVSD evaluation guidelines. 


A brief discussion of function of the source resistor (R1) and the benefits of using a bridge 
rectifier to reduce the power dissipation in R1. Presents several points to be kept in mind when 
implementing the full bridge (i.e. safety aspects, filtering of output so device will reset for the 
next cycle and circuit operation verification with test equipment). 


Explains the basic theory of operation of the HV-1205/2405E and shows how to increase the 
maximum output current from 50mA to greater than 250mA. A detailed description of the 
circuit operation, to achieve the higher currents, is presented along with suggestions for 
external component selection. 


Describes in detail the operation of the ICL8048 logarithmic amplifier, and its counter-part, the 
ICL8049 anti-log amp. 


This note includes 17 of the most asked questions regarding the use of the ICL8038. 


See page iv for information on Ordering Literature 
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Application Note Abstracts (continued) 


AN # TITLE ABSTRACTS 


A027 Power Supply Design Explains the operation of the ICL8211/12 and describes various power supply configurations. 
Using the ICL8211 and _ Included are positive and negative voltage regulators, constant current source, programmable 


ICL8212 current source, current limiting, voltage crowbarring, power supply window detector, etc. 
A040 A Precision Four Describes, in detail, the operation of the ICL8013 analog multiplier. Included are 
Quadrant Multiplier - multiplication, division, and square root applications. 
The 8013 
A051 Principles and Describes internal operation of the ICL7660. Includes a wide range of possible applications. 
Applications of the 
ICL7660 CMOS Voltage 
Converter 
A053 The ICL7650-ANew _ A brief discussion of the internal operation of the ICL7650, followed by an extensive 
Era in Glitch-Free applications section including amplifiers, comparators, log-amps, pre-amps, etc. 
Chopper Stabilizer 
Amplifiers 
5290 General Purpose Op Discusses various uses of op amps. 
Amps 
5296 CA3018 Transistor Array 
5337 CA3028 RF amplifiers in the HF and VHF ranges. 
5380 FM IF Amplifiers Discusses differential amplifier configurations. 
5766 CA3020 Multipurpose wideband power amplifiers 
6048 CA3094 Programmable power switch/amplifier. 
6077 CA3094 OTA with power capability. 
6157 CA3085 Monolithic voltage regulators. 
6182 CA3059 Zero-voltage switches. 
6247 CA3126 Chroma processing IC using sample and hold circuit techniques. 
6257 CA3089 FM IF Subsystem. 
6386 CA3130 Understanding BIMOS op amps. 
6459 CA3130 Why and how to use the BIMOS op amp. 
6472 CA3126 A chrominance demodulator IC with dynamic flesh correction. 
6525 IC Handling Guide to IC handling. 
6668 CA3080 High performance OTA. 
6669 CA3240 BiMOS op amp mates directly to system sensors. 
6732 Noise Measurement Measurement of burst noise and “popcorn” noise in ICs. 
6818 CA3280 OTA simplifies complex analog designs. 
6915 CA1524 Pulse-width modulators. 
6998 Telecom Telephony in Digital Evolution. o 
7037 Telecom Logarithmic units of measure in telecommunications. 5 © 
7127 CA3420 BiMOS amplifier circumvents low voltage limitations. FE fc 
7174 CA1524 Pulse-width modulator in an electronic scale. = 3 
7175 CA3217 Integrated NTSC chrominance/luminance processor a = 
7304 SCR Protection Discusses SCR Protection Circuits for ICs. > 
8636 Video Devices Discusses advanced video speed switches, multiplexers, cross points and buffer amplifiers. 
8707 CA3450 Single chip video line driver-high speed op amp. 
8742 CD22402 Sync Generator 
8811 CA5470 BiMOS-E process enhances quad op amp. 
ICE-402 Operating Discusses operating considerations for solid state devices. 
Considerations 


See page iv for information on Ordering Literature 
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Spice Model Listing 


PART 
NUMBER 


PART 
NUMBER 


DESCRIPTION DESCRIPTION 


CA3227 3.0GHz NPN Arrays (See Data Sheet for 


Model) 


HA-2842 Wideband, High Slew Rate, High Drive, 
Video, +2 Stable, Single 

CA3246 3.0GHz NPN Arrays (See Data Sheet for 
Model) 


HA-2850 Low Power, High Slew Rate, Wideband, 


+10 Stable, Single 


HA-2500 Precision, High Slew Rate, Single Wideband, High Slew Rate Buffer 


HA-2502 Precision, High Slew Rate, Single HA-5004 100MHz Current Feedback Video Amplifier 


HA-2510 High Slew Rate, Single HA-5020 100MHz Current Feedback Video Amplifier 


HA-2512 High Slew Rate, Single HA-5033 Video Buffer 


HA-2520 +3 Stable, High Slew Rate, Single Low Noise, High Performance, Single 


HA-2522 +3 Stable, High Slew Rate, Single HA-5102 Low Noise, High Performance, Dual 


HA-2539 Very High Slew Rate, Wideband, +10 Stable, 


Single 


Low Noise, High Performance, Quad 


Low Noise, High Performance, +10 Stable, 


HA-2540 Wideband, Fast Settling, +10 Stable, Single Dual 


HA-2541 Wideband, Fast Settling, Unity Gain Stable, HA-5114 


Single 


Low Noise, High Performance, +10 Stable, 
Quad 


HA-2542 Wideband, High Slew Rate, High Output 


Current, +2 Stable, Single 


HA-5127 Low Noise, Precision, Unity Gain Stable, 


Single 


HA-2544 Precision, High Slew Rate, Unity Gain Stable, HA-5137 


Single 


Low Noise, Precision, +5 Stable, Single 


HA-5147 Low Noise, Precision, +10 Stable, Single 


HA-2548 Precision, High Slew Rate, Wideband, 


+5 Stable, Single 


Wideband, Fast-settling, +5 Stable, Single 


= 
ra 


2600 Wideband, High Input Impedance, Single 5221 Low Noise, Wideband, Precision, Single 


oH 


5222 


= 
? 


2602 Wideband, High Input Impedance, Single Low Noise, Wideband, Precision, Dual 


pe i 
x 
ae) 
oO) 
N 
2) 


Very Wideband, Uncompensated, +5 Stable, *HC-5509B 


Single 


Spare Op Amp On Board Subscriber Line IC 
(SLIC) 


ee 
fli 


Very Wideband, Uncompensated, +5 Stable, 
Single 


HFA-0001 Ultra High Slew Rate, Single 


=z 
> 


-0002 Low Noise, Ultra High Speed, Wideband, 
Very High Slew Rate, Wideband, +10 Stable, +10 Stable, Single 


Single 


a 
> 


-0005 Ultra High Slew Rate, Single 
2840 Very High Slew Rate, Wideband, +10 Stable, 


Single 


HFA3046, 
HFA3O96, 
HFA3127, 
HFA3128 


8GHz NPN, 5.5GHz PNP Arrays 


x 
a 
NO 
oO) 
iN) 


2841 Wideband, Fast Settling, Unity Gain Stable, 


Video, Single 


ee rh oi 
ae) 
ie) 
Ww 
eo) 


NOTE:* Macromodel is on disk but App Note does not exist. 


See page iv for information on Ordering Literature 
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LINEAR AND TELECOM PACKAGE SELECTION GUIDE ..... 2. cee e eee n cece eee en cence eee erceceaee 


PACKAGE OUTLINES .. 


NE A A TORO ok aw cic nin pisces cenccvusiencanceesunsvetasuawe's 


SMALL OUTLINE (SOIC) 


CB slag | Ue: 9 Von 2: Sa aie an sane nares eerie ere rire ate oe 


PLASTIC LEADED CHIP CARRIER (PLCC) PACKAGES ...... 2. cece cece eer e cee ee eee nen eens eesnees 


DUAL-IN-LINE FRIT-SEAL CERAMIC PACKAGES. .........cceccccccnecesenencrecenerenasesscunass 


METAL CAN PACKAGES 


DUAL-IN-LINE METAL-SEAL (SIDEBRAZE) CERAMIC PACKAGES .............- esse cece eee eee eens 


PACKAGING 
INFORMATION 
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Linear and Telecom Package Selection Guide 


Using the Selection Guide: 


The first character of each entry indicates the package type, while the number preceding the decimal point details the pack- 
age lead count. Except for Can packages, the decimal point and succeeding numbers specify the package width in inches 
(e.g. .15 = 150 mil width). The entire entry indicates the table containing the appropriate package dimensions (e.g. 8 lead 
PDIP dimension are detailed in Table E8.3). The index on page 11-1 lists page numbers for PDIP, SOIC, PLCC, CDIP, Side- 
braze and Can tables. 


CA3018 
CA3020 
CA3028 
CA3039 


CA3045 
CA3046 


CA3049 


EXAMPLE: M 16 .15 


PACKAGE BODY 
uyre LEAD WIDTH 
COUNT 
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INFORMATION 


Linear and Telecom Package Selection Guide (Continued) 


CA3102 E14.3 M14.15 
CA3126 
CA3127 
CA3130 
CA3140 
CA3141 
CA3146 
CA3160 
CA3183 
CA3189 
CA3193 
CA3194 
CA3217 
CA3227 
CA324 

CA3240 
CA3246 
CA3256 
CA3260 
CA3280 
CA3290 
CA339 

CA3420 
CA3440 
CA3450 
CA358 

CA5130 
CA5160 
CA5260 
CA5420 
CA5470 
CA555 


F16.3 


T8.C 


T8.C 


E14.3 M14.15 


= 
Q 


4 
ed 
Q 


M14.15 
E8.3, £14.3 

E18.3 M20.3 
8 


| 


8 


E14.3 M14.15 F14.3 
T8.C 


T8.C 


T8.C 
T8.C 
T8.C 
T8.C 
T8.C 
E14.3 M14.15 
T8.C 
CA741 T8.C 
CD22100 
CD22101 


CD22102 


F16.3 
F24.6 
F24.6 


=f 


EXAMPLE: M 16 .15 


PACKAGE —! t _= BODY 
TYPE LEAD WIDTH 
COUNT 
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Linear and Telecom Package Selection Guide (Continued) 


a TS A SS RR CE CS 
a SC SS EG RE WE 
fe | es oe | Pt 
ae TS a a) SL SS GS 
a a Pe a 
5 eS ce a SS 
a a SN NS CM SO 
a 
a cS a a a WS 
ae as a A a SB 
ae a a a a Ce 
a A ES a RS OCS 
eo a epee 
me) | es | ede oe fees | | ee 
a SLE 
ae RE (ES SOS CI 
a SC Se SE 
a SS 
a a EE SE Cd 
Se ES AS CE MS A 
a a PS (ER 
oe |) ae a a ch | |e 
a eS A AE ET IO CE 
es a OS A SS Sa 
a SS A RE 0 
foe | dt ee TT i 
a a CS a Es BC 
a AE CS a 
Ce CE CS SC 
fren | ens fs wes po mae cf ens of, | ae 
a eS 
fee | ets det] de ee ce | | 
Ca NC NS FCC SA (a 
a AC 
ae a ae 
EXAMPLE: M 16 .15 
package —! BODY 


TYPE LEAD WIDTH 
COUNT 
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INFORMATION 


Linear and Telecom Package Selection Guide (Continued) 


HA-2600 F8.3A T8.C 
HA-2602 T8.C 
HA-2605 
HA-2620 
HA-2622 
HA-2625 
HA-2640 


cn a 
a 
Cn 


HA-2841 


F8.3A 
F8.3A 


F8.3A 
F8.3A 
F8.3A 


F14.3 
F8.3A, F14.3 


ie Es ee a ee 
ae eS ee a ee 
ee es ee 
in ee ee 
i os eee eee 
iS ee ee ae 
a2 ae eee Te 
ae ee Se eee 
2 2 ee ee ee 
a 
ee eee 
ee eee 
i 2 en eee 
Cc en CE ee a 
Saleen ee es Ee ee ee ee a ee 
Ce i ee ee ee 
Joe el oe es ee 
CS ee oe ee eee 
ee ae ee ee ee ee eee 
Bini eel de en Coe ie Ce 
Su eee ie ee ee ee ee ee 
Nae | ee i ee 
ee ee ae, ee ee eee eee 
Ce ee eee 
Li eS ee ee ee 
pie tt ee ee ee 
Lo i ee ee ee ee ee 
eee | hs a 
Acca el Me ee a a eee 
Siooe. ate is OR, ee ee ee 
(en ee ae OS Ce eee a 
Oe | RS Aes Mies tie NA ee 
ce ee 
cy ieee Rs Sie es ee a a 
cick ly es Sean eee Mie ae eC 
EXAMPLE: M 16 .15 
PACKAGE — } 4 pony 


TYPE LEAD WIDTH 
COUNT 
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Linear and Telecom Package Selection Guide (Continued) 


PART NUMBER 
HA-5135 
HA-5137 
HA-5142 
HA-5144 
HA-5147 
HA-5160 
HA-5162 
HA-5170 
HA-5177 
HA-5190 
HA-5195 
HA-5221 
HA-5222 
HA-5232 
HA-5234 
HA-5320 
HA-5330 
HA-5340 
HA-5350 


HA-5351 
HA-5352 
HA-5354 
HA-7210 
HC-5502B 
HC-5504B 
HC-5504DLC 
HC-5509B 
HC-5524 
HC-55536 
HC-55564 
HC-5560 
HFA-0001 
HFA-0002 


HFAO0003 
HFAOOO03L 
HFAOO05 
HFA1100 


E14.3 


E16.3 


E14.3 
E14.3 
E14.3 
E14.3 


E8.3 
E14.3 
E18.3 


E24.6 
E24.6 
E24.6 
E28.6 


E14.3 
E14.3 
E20.3 


M14.15 


M16.3 
M16.3 


M14.15 


M24.3 


M24.3 
M28.3 
M28.3 


EXAMPLE: 


PACKAGE 


PLCC 


N28.45 
N44.65 
N44.65 


M 16 .15 


F8.3A 
F8.3A 
F8.3A 
F14.3 
F8.3A 


F8.3A 
F14.3 
F143 
F8.3A 
F8.3A 
F8.3A 
F14.3 
F14.3 
F14.3 
F14.3 
F143 
F8.3A 
F14.3 
F18.3 


F24.6 
F24.6 
F24.6 
F28.6 
F28.6 
F14.3 
F14.3 


Ee 
ro 


BODY 


TYRE LEAD WIDTH 
COUNT 
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SIDEBRAZE 


D14.3 


T8.C 


T8.C 
T8.C 
T8.C 
T8.C 
T8.C 
T12.C 
T12.C 
T8.C 


S| 2 
on ike) 


T10.B 
T8.C 
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EXAMPLE: M 16 .15 


pAcKAGE =f } Ls BODY 


TYPE LEAD WIDTH 
COUNT 


Package Outlines 


Dual-In-Line Plastic Packages 


FIGURE 1 


E14.3 (JEDEC MS-001-AC) 
14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS aren 


NOTES 
0.210 


MIN 
bea 
Sones OE 
| 0.195 | 2.93 
aes 
| 0.070 | 1.15 | 1 

| 0.204 | 


ors 
Pree | 
reno [7 


2.54 BSC 


0.240 
eae wT 


NOTES: 

1. Controlling Dimensions: Inch. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D and E1 dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


E8.3 (JEDEC MS-001-AB) 
8 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


0.100 BSC 
0.300 BSC 7.62 


E16.3 (JEDEC MS-001-AA) 
16 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


Pear | 415 | 477 
[eos | oars | eae | osei_ 


6. Eand are measured with the leads constrained to be per- 


pendicular to plane C. 


7. @g and @c¢ are measured at the lead tips with the leads uncon- 


strained. @¢ must be zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as 
shown in Figure 2. 
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Package Outlines 


Dual-In-Line Plastic Packages (Continued) 


as 
oo 
mie 


Bi 


FIGURE 1 


E20.3 (JEDEC MS-001-AE) 
20 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS 


NOTES 
4 


~s a 
ce y 


Bale g 

eae a cane 2 
PE Ee Si 
Ei | 0240 | 0.280 . 
oe 
ea 
oo ee 
vale & 


2.54 BSC 
7.62 BSC 


NOTES: 
1. Controlling Dimensions: Inch. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 
4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 
D and E1 dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


on 


E18.3 (JEDEC MS-001-AD) 
18 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS 


| MAX _| 
aaa 
eas: 
08 
| 0.558 _| 
[0.381 _| 
[23.49 | 
ie 
| 8.25 


23.49 


E22.4 (JEDEC MS-010-AA) 
22 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


6. E and are measured with the leads constrained to be per- 
pendicular to plane C. 

7. @pg and @g are measured at the lead tips with the leads uncon- 
strained. @, must be zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as 
shown in Figure 2. 


11-10 


Package Outlines 


Dual-In-Line Plastic Packages (Continued) 


E24.3 (JEDEC MS-001-AF) 
24 LEAD NARROW BODY DUAL-IN-LINE PLASTIC PACKAGE 


FIGURE 1 


NOTES: 


1. Controlling Dimensions: Inch. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 


E28.3 (JEDEC MS-001-AG) 
4. Dimensions A, A1 and L are measured with the package seated 28 LEAD NARROW BODY DUAL-IN-LINE PLASTIC PACKAGE 
in JEDEC seating plane gauge GS-3. 
5. D and E1 dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


6. E and are measured with the leads constrained to be per- 
pendicular to plane C. 


7. @g and @¢ are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 


0.014 


8. Nis the maximum number of terminal positions. 0.045 
9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as shown 0.008 
in Figure 2. 0.008 _ 


PACKAGING 
INFORMATION 
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Package Outlines 


Dual-In-Line Plastic Packages (Continued) 


FIGURE 1 


E28.6 (JEDEC MS-011-AB) 
28 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS 
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0.625 
0.580 


15.24 15.87 
12.32 14.73 
2.54 BSC 


= 
N N c 
N a 


ho 
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NOTES: 

1. Controlling Dimensions: Inch. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D and E1 dimensions do not include mold flash or protrusions. 


Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


E24.6 (JEDEC MS-011-AA) 
24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


0.100 BSC 2.54 BSC 
0.600 BSC 15.24 BSC 


” 
= 
rif Q S 
pa 


E40.6 (JEDEC MS-011-AC) 
40 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


| INCHES | MILLIMETERS _ | 
PMN, | MAX | MIN, | MAX | 
re eee ee 
Pe See 
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6. Eand are measured with the leads constrained to be per- 
pendicular to plane C. 

7. @g and @¢ are measured at the lead tips with the leads uncon- 
strained. @¢ must be Zero or greater. 

8. N is the maximum number of terminal positions. 

9. Corner leads (1, N, N/2 and N/2 + 1) may be configured as 
shown in Figure 2. 
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Package Outlines 


Dual-In-Line Plastic Packages (Continued) 


E42.6 
42 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


MILLIMETERS 


0.070 0.77 


FIGURE 1 


NOTES: 


. Controlling Dimensions: Inch. In case of conflict between English 
and Metric dimensions, the inch dimensions control. 


Bo 


—s 


Nh 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 


Raa : E48.6 (JEDEC MS-011-AD) 
4. Dimensions A, A1 and L are measured with the package seated 48 LEAD DUAL-IN-LINE PLASTIC PACKAGE 


in JEDEC seating plane gauge GS-3. 


5. D and E1 dimensions do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 inch (0.25mm). 


6. E and are measured with the leads constrained to be per- 
pendicular to plane C. 


7. @g and @> are measured at the lead tips with the leads uncon- 
strained. @¢ must be Zero or greater. 


© 


95 


. Nis the maximum number of terminal positions. 


co 


. Corner leads (1, N, N/2 and N/2 + 1) may be configured as shown 
in Figure 2. 


PACKAGING 
INFORMATION 
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Package Outlines 


Small Outline (SOIC) Plastic Packages 
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M14.15 (JEDEC MS-012-AB) 
14 LEAD SMALL OUTLINE PLASTIC PACKAGE 


MILLIMETERS 
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NOTES: 
1. Refer to applicable symbol list. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


£—_hl 


M8.15 (JEDEC MS-012-AA) 
8 LEAD SMALL OUTLINE PLASTIC PACKAGE 


M16.15 (JEDEC MS-012-AC) 
16 LEAD NARROW BODY SMALL OUTLINE PLASTIC PACKAGE 


a] ose | o0eas | 135 | 


0.050 BSC 


2204 | 02400 | 


0.0099 


. “L” is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or great- 
er above the seating plane, shall not exceed a maximum value 
of 0.61mm (0.024 inch) 


Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 


Oo ON OD 


10. 
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Package Outlines 


Small Outline (SOIC) Plastic Packages (Continued) 


M16.3 (JEDEC MS-013-AA) 
= i 16 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 
H 


HD} 0.25(0.010) (M) | B QW) MILLIMETERS 


0.0118 
0.0200 
0.0125 
0.4133 
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0.394 | 0.419 | 
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Plozs0.010 Ole AO) 
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16 


M18.3 (JEDEC MS-013-AB) M20.3 (JEDEC MS-013-AC) 
18 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 20 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


0.33 
0.23 


0.394 10.00 
016 | 0.050 | 


NOTES: 

1. Refer to applicable symbol list. . “L’ is the length of terminal for soldering to a substrate. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. . “N” is the number of terminal positions. 
3. Dimension “D” does not include mold flash, protrusions or gate 

= Mold flash, hanes and gate burrs shall not exceed . The lead width “B”, as measured 0.36mm (0.014 inch) or great- 
0.1mm (0.006 inch) per side. er above the seating plane, shall not exceed a maximum value 
4. Dimension “E” does not include interlead flash or protrusions. In- of 0.61mm (0.024 inch) 


meoed fash BAG prousions shall:not exceed 0.25mm: (0.010 10. Controlling dimension: MILLIMETER. Converted inch dimen- 
inch) per side. sions are not necessarily exact. 


. Terminal numbers are shown for reference only. 


Oo ON OD 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 
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PACKAGING 
INFORMATION 


Package Outlines 


Small Outline (SOIC) Plastic Packages (Continued) 
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NOTES: 
4: 
2. 
3. 


Refer to applicable symbol list. 
Dimensioning and tolerancing per ANSI Y14.5M-1982. 


Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


. Dimension “E” does not include interlead flash or protrusions. In- 


terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


. The chamfer on the body is optional. If it is not present, a visual 


index feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 

. “N’ is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 


above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


. Controlling dimension: Millimeter. Converted inch dimensions 


are not necessarily exact. 


M24.3 (JEDEC MS-013-AD) 
24 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 


>) 


0.0091 


M28.3 (JEDEC MS-013-AE) 
28 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 
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Package Outlines 


Plastic Leaded Chip Carrier (PLCC) Packages 


eres 0.042 (1.07) N20.35 (JEDEC MO-047-AA) 
me 0.056 (1.42) |\| 0.004 (0.10) |C | 20 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
(1) IDENTIFIER 
| 0.050 (1.27) TP 
rs 0.025 (0.64) Pt 
thy 0.045 (1.14) 
ee eee 
rt VIEW “A” 
—— D2/E2 
E3 | 
DIMENSIONED 
FROM CENTER TO 
CENTER OF RADII 
| tapas 0.020 (0.51) 
MIN 
SEATING 
-C- 
0.020 (0.51) MAX = 
3 PLCS 0.026 (0.66) 
0.032 (0.81) 0.013 (0.33) 
DIMENSIONS IN __ | 0.021 (0.53) 
PARENTHESES ARE 
MILLIMETER EQUIVALENTS ae 
Ramee oe ie 
0.060 (1.52) MIN 
_— VIEW “A” TYP. 
N28.45 (JEDEC MO-047-AB) N44.65 (JEDEC MO-047-AC) 
28 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 


0.500 REF 
0.685 


0.300 REF ‘ 
ee a 


1. To be determined at seating plane. 


2. Dimensions D1 and E1 do notinclude mold protrusions. Allowable 
mold protrusion is 0.254mm/0.010 inch. 


3. “N” is the number of terminal positions. 


4. Controlling dimension: Inch. 


11-17 


11 


PACKAGING 
INFORMATION 


Package Outlines 


Plastic Leaded Chip Carrier (PLCC) Packages (Continued) — 


0.042 (1.07) N68.95 (JEDEC MO-047-AE) 
0.048 (1.22) 0.042 (1.07) 68 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 


PIN (1) IDENTIFIER 0.056 (1.42) [CA] 0.004 (0.10) | ¢ | 


0.050 (1.27) TP 
rs 0.025 (0.64) 
Ea EE e eee ot 0.045 (1.14) 
(ae Wee Baa 
1a aean VIEW “A” 


-—— DIMENSIONED 
-—— FROM CENTER TO 
——— CENTER OF RADII 


SEATING 
0.020 (0.51) MAX NE 
3 PLCS 0.026 (0.66) N84.115 (JEDEC MO-047-AF) 
0.032 (0.61) 0.013 (0.33) 84 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

DIMENSIONS IN " 0.021 (0.53) 
PARENTHESES ARE 
MILLIMETER EQUIVALENTS Eaike 
OF THE BASIC NICH sae 

0.060 (1.52) MIN 

MIN VIEW “A” TYP. 

NOTES: 


1. To be determined at seating plane. 


2. Dimensions D1 and E1 do not include mold protrusions. Allow- 
able mold protrusion is 0.254mnv0.010 inch. 


3. “N” is the number of terminal positions. 
4. Controlling dimension: Inch. 
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Package Outlines 


Dual-In-Line Frit-Seal Ceramic Packages 


Q) 
. 
N METAL f 
e 


2 
Sone Ree 


BASE 
PLANE 


searine ht 


rh 


Piece M|cla-B©]0©) 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


Pjaaa@|cla-8@©|0©} 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 

8. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling Dimension: Inch 


F8.3A MIL-STD-1835 GDIP1-T8 (D-4, CONFIGURATION A) 
8 LEAD DUAL-IN-LINE FRIT-SEAL CERAMIC PACKAGE 


|_ INCHES | MILLIMETERS 
ee SS ae es NOTES 
Hie ae BS Be ee eee 
|b | 0014 | 0026 | 036 | 066 | 2 | 
| bi | 0.014 | 0023 | 036 | 058 | 3 | 
| be | 0.045 | 0.065 [114 | 465 |; 
| bs | 0.023 | 0.045 [ose | 114 | 4 
| cf 0.008 | 0018 | 020 | 046 | 2 
|__ci__f 0.008 | 0.015 | 020 | 038 | 3 
Gee eee Ded Fe Se a ee 
| Ef 0220 | 0310 | 559 | 787 | 5 
a ee ee ee 
Te ee 
ee ee ee 
a Se ee 
| | 0015 | 0060 | 038 | 152 [ 6 
Ne Ce ee Oe a ee 
ol as ee alae Bb ORE Se eee 
ee ee 
HGS Saeed ee a Se 
ae a es ee 
ee es Se ee ee 
Pe ee ee Oe ee ee 
ee ee as a ee ee 


F14.3 MIL-STD-1835 GDIP1-T14 (D-1, CONFIGURATION A) 
14 LEAD DUAL-IN-LINE FRIT-SEAL CERAMIC PACKAGE 


| INCHES =f‘ MILLIMETERS 
adem 
er ee Bee PAs Gee a 
| bf 0014 | 0.026 | ose | o66 | 2 | 
| bi | 0.014 | 0.023 | 036 | 058 | 3 
| be | 0.045 | 0.065 | 114 | 165 | 
| bs | 0.023 | 0.045 | ose | 14 | 4 
| cf 0.008 | 0.018 | 020 | 046 | 2 | 
|_ct [0.008 | 0.015 | 020 | 038 | 3 
a ee es a Be ee 
| Ef 0220 | 0310 | 559 | 787 | 5 | 
a Se ee 
ae ee ee 
ee ee ee ee 
a ee ee 
| | 0015 | 0060 | oss | 152 f 6 
Se Ss es Ss Be ee 
ie. ee Es ee LE Se 
OS Bae Be Be Ee 
See Bae CE Bee le 
ee Sate Se ee ee 
ae Bee SC ee eS Be 
al 2s eee ee 
ERs eee See: Ree See oe 
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INFORMATION 


Package Outlines 


Dual-In-Line Frit-Seal Ceramic Packages (Continued) 


BASE 
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SEATING 


Peas. Dawaaay 


N pase jf 
N METAL N 
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NOTES: 


ad 


om 


Oo © 


. Index area: A notch or a pin one identification mark shall be locat- 


ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


. The maximum limits of lead dimensions b and c or M shall be 


measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 


. This dimension allows for off-center lid, meniscus, and glass 


overrun, 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


. Measure dimension S1 at all four corners. 

. Nis the maximum number of terminal positions. 

. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
. Controlling Dimension: Inch 


F16.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A) 
16 LEAD DUAL-IN-LINE FRIT-SEAL CERAMIC PACKAGE 


aE | wores 

ee Saini Gala. SO 
Buse Ome Cee | 2 
eel | 0.36 | 058 | 3 | 
be Ee Se eee 
ie. CEs Ee ae 
i SE 0.018 | 020 | 046 | 2 
ae | 0.015 | 020 | 038 [ 3 
alee RCC ae Re Be 
ee | 0.310 | 5.59 | 787 | 5 
LTS CC RS el 
Ce ee 2 
Te ee 
pt | ots | 0200 | 318 | 503 [- | 
| Qf 0015 | 0.060 | 038 [ is2 [6 | 
ae a ee Se ee 
= es eee cee Oe ae 
Ss Ce Ee Ee a ee 
ee ee eT oe ee 
Ce eB Me eS 
Babs Mis Bs aad A oe 
ie al A BS I 
BURL Pees a Sar 


F18.3 MIL-STD-1835 GDIP1-T18 (D-6, CONFIGURATION A) 
18 LEAD DUAL-IN-LINE FRIT-SEAL CERAMIC PACKAGE 


| INCHES MILLIMETERS | 
ee eee 
et ee ed eee 
|b | 0014 | 0.026 | 036 | ose [2 | 
_ bi | 0014 | 0023 [036 [oss [3 
L_ ba | 0.045 | 0.065 | 114 [i165 [ - | 
__ 63 | 0.023 | 0.045 | oss [114 [4 
pc | 0008 | 0018 | 020 [ 046 [2 
_ ct | 0008 | 0.015 | 020 [ose [3 
LO ose eee 
| Ef 0220 | oso [ 559 [ 787 [5 
ae ee ee ee 
ee es 2 
Ce ST 
TS Se ee 
a 
ae ae ee A 
aes a ee es es Se 
a ae ee a 
eS aes ES es Ae 
eae SS Ts ee 
Ree Be MS Ns 
ane Ae Cs es ee ae 
ine Bes! Sees oe 
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Packaging Outlines 


Dual-In-Line Frit-Seal Ceramic Packages (Continued) 


F20.3 MIL-STD-1835 GDIP1-T20 (D-8, CONFIGURATION A) 
ci LEAD FINISH 20 LEAD DUAL-IN-LINE FRIT-SEAL CERAMIC PACKAGE 


emetic ‘gyweou | TO 
Y ease N a a BC 
scscscssspy sos | OA f=] 0200 J -  508 
K [b [ oor T0026 [036] oes [2 
| b2 | 0.045 | 0.065 | 1.14 | 165 | - | 
Se re | 000s [ oo | 020 | o4 | 2 | 
PLANE | ci =| 0.008 | 0.015 [ 020 | 038 | 3 | 
SEATING + ht laos ele emmme ORR Se PERS aE as Be 
al FE | 0220 | 0310 [ 559 | 787 | 5 
31 + ee oe 
Ha Trea [.. oaoesc | -.7eepso = f= | 
b ena | o150psc_ | se1esc_ | - | 
| 0.125 | 0.200 | 318 | 508 | - | 
oO | oe | oo | ose | tre] 6 
edhe Se SS See Bk 
1. Index area: A notch or a pin one identification mark shallbelocat- [  S2 [| 0.005 | - | 0139 | - J - | 
ed adjacent to pin one and shall be located within the shaded lg 90° | 105° 90° 705° AZ 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. ioe ees ee ee ee 
2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when eee ees Se bi tiarinaed geen’ RES 
solder dip or tin plate lead finish is applied. CoM | - | ooo] - | 00s [2 
3. Dimensions b1 andct apply tolead base metalonly.Dimension [ N | 20. | 2 | 8 | 


M applies to lead plating and finish thickness. 
F24.6 MIL-STD-1835 GDIP1-T24 (D-3, CONFIGURATION A) 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a f 
partial lead paddle. For this configuration dimension b3 replaces laser dae Pchtca be Scale ecrtebiech eta else Pad 


dhnaesorrtst a ae ee a 
5. This dimension allows for off-center lid, meniscus, and glass |_MIN | MAX | MIN | MAX _| NOTES 

6. Dimension Q shall be measured from the seating plane to the Das ail | 0.014 | 0.026 | | 036 | 066 | nae i) 
base plane. | bi | 0.014 | 0.023 | 036 | 058 | 3 
7. Measure dimension S1 at all four corners. Fb 0.046 10,086 hi  Walde bet O6 oni | 
8. Nis the maximum number of terminal positions. as | 0.023 | 0.045 | | 0.58 | 1.14 | Se 
9. Dimensioning and tolerancing per ANS! Y14.5M - 1982. poe eg 0.018 | 0.20 | 0.46 | si 
10. Controlling Dimension: Inch ae ; 0.008} _0.015_| ae ee Pants 
Te | os00 | oe [i270 [isa | 5 | 
ss coe 
aS aon 
ieee 

| 0.120 | 0.200 | 3.05 | 508 | - |llos 

| Qf 0015 | 007s | oss | 191 | 6 | |i ee 

eaves BS eee BC eae < = 

ee ee eee ee 

Fo | toe fo | oe fF = | ee 
eases GR Be 
ee Bien Se ae Se Se 
Bs aes 2S ee Ss 
PaC es Be Bs ee a 
ee es Se es SER a 
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Package Outlines 


Dual-in-Line Frit-Seal Ceramic Packages (Continued) 


SEATING ht 


NOTES: 
1. 


io) 


o ON 


. The maximum limits of lead dimensions b and c or M shall be 


. Dimensions b1 and c1 apply to lead base metal only. Dimension 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


Slee ]oG] —=—SECTIONAA 
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tt 


12.70 


a0 BSC 
A_|  oeoopsc | 15.24BSC_ 
TaOkh OPS]  MeaOchsOpe seat 


Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


S 
NI 
ro) 


M applies to lead plating and finish thickness. 
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BECEMMBCE 


4 ro) 
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partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 


. This dimension allows for off-center lid, meniscus, and glass 


overrun. 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


. Measure dimension S1 at all four corners. 

. Nis the maximum number of terminal positions. 

. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
. Controlling Dimension: Inch 
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F28.6 MIL-STD-1835 GDIP1-T28 (D-10, CONFIGURATION A) 
28 LEAD DUAL-IN-LINE FRIT-SEAL CERAMIC PACKAGE 


Package Outlines 


Metal Can Packages 


REFERENCE PLANE 


SECTION A-A 


NOTES: 
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Nh 


oOo uo 


. (All leads) @b applies between L1 and L2. @b1 applies between 


L2 and 0.500 from the reference plane. Diameter is uncontrolled 
in L1 and beyond 0.500 from the reference plane. 


. Measured from maximum diameter of the product. 
. ais the basic spacing from the centerline of the tab to terminal 1 


and f is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 


. Nis the maximum number of terminal positions. 
. Dimensioning and tolerancing per ANSI 414.5M - 1982. 
. Controlling dimension: Inch. 


T8.C MIL-STD-1835 MACY1-X8 (A1) 
8 LEAD TO-99 METAL CAN 


| INCHES ~—s fs MILLIMETERS 
[WIN | MAX | MIN | MAX |NoTES 
[A] oaes | ove | ato | 470 | - 
[af ore | oo | om | ome | 1 
[abr _f core | ocr | oat | oss | 1 
[ave [oor | coca | om | oo | - 
[0 | oses | oss | esr | oa | - 
Te | ozwesc | sossec | - | 
[et_[ o1ooasc | 2seesc_ | - 
ea a De 
[| over | cose [oe | ove | - 
a a I 
[i [0500 | 0760 [1270 [ios | + | 
a CE ee a ee 
ee Ee a eee 
| 0010 | 004s | 025 | ita | - 
apsc | = asrpsc, | 3 
eee as Cambie ohne TE 
hav! Gog. oBnoyed brats a4 

T10.B MIL-STD-1835 MACY1-X10 (A2) 


10 LEAD TO-100 METAL CAN 


MILLIMETERS 


12.70 


| 0.034 
808 
[0.050 _| 
eine) 
[0.045 
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PACKAGING 
INFORMATION 


Package Outlines 


Metal Can Packages (Continued) 


NOTES: 
. (All leads) Ob applies between L1 and L2. @b1 applies between 


ek 


QQ 


ao a > 


. Nis the maximum number of terminal positions. | MIN. | MAX | | MIN | MAX | NOTES 
. Dimensioning and tolerancing per ANSI 414.5M - 1982. | 0.165 | 0.185 | | 419 | 4.70 | 
. Controlling dimension: Inch. | 0.016 | 0.019 | | 0.41 | 0.48 | 
Toor | over | oat | 053 
0.016 | 0.024 | o41 | 061 _| 
| 0335_| 0.375 | ast | 940 _| 
| 0.305 | 0.935 | 7.75 | 251 _| 
fein caer Ske es 
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10 LEAD TO-100 METAL CAN 
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SECTION A-A 


6° BS 


L2 and 0.500 from the reference plane. Diameter is uncontrolled 
in Li and beyond 0.500 from the reference plane. 


. Measured from maximum diameter of the product. 


T12.B 


. Qis the basic spacing from the centerline of the tab to terminal 1 12 LEAD TO-101 METAL CAN 


and f is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 
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Package Outlines 


Metal Can Packages (Continued) 


A REFERENCE PLANE 
L 
A 
A 


SECTION A-A 


NOTES: 


1. 


nk WS DN 


The reference, base, and seating planes are the same for this 
variation. 


. Measured from maximum diameter of the product. 

. Nis the maximum number of terminal positions. 

. Dimensioning and tolerancing per ANSI 414.5M - 1982. 
. Controlling dimension: Inch. 


T12.C 


12 LEAD TO-8 METAL CAN 
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PACKAGING 
INFORMATION 


Package Outlines 


Dual-in-Line Metal-Seal Ceramic Packages 


ci LEAD FINISH D8.3 MIL-STD-1835 CDIP2-T8 (D-4, CONFIGURATION C) 


Picce | c}A-B©|0G) Pjaaa @)cjA-8©/ DQ) 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


8 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 


INCHES |_MILLIMETERS 

oe ae eae 
Mabe ed Be 0. SE 
| 0.014 | 0.026 | 036 | 066 [ 2 
0.014 | 0.023 | 036 | 058 | 3 
| 0.045 | 0.065 J 1.14 | 165 
| 0.023 | 0.045 | 0.58 | 114 | 4 
0.018 | 020 | 046 | 2 
0.008 | 0.015 | 020 | 038 | 3 
ei as BR 
0.220 | 0310 | 559 | 787 | 5 | 
| 0.100BSC | 254BSC | 
ee a ee ee 
cb: 0S ee 
| 0.125 | 0.200 | 318 | 5.08 | - 
| 0.015 | 0.060 | 0.38 | 152 | 6 | 
006 se 
0008 Oe ae 
ee Ee ee 
eae ee ee ae 
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D14.3 MIL-STD-1835 CDIP2-T14 (D-1, CONFIGURATION C) 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 14 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 


8. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


9. Nis the maximum number of terminal positions. 
10. Braze fillets shall be concave. 
11. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
12. Controlling dimension: Inch. 
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Package Outlines 


Dual-In-Line Metal-Seal Ceramic Packages (Continued) 


{bbb ©] c |A-B ©] ©) 
kp» | { 
PLANE 320 


SEATING 
PLANE 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 


8. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


9. Nis the maximum number of terminal positions. 
10. Braze fillets shall be concave. 
11. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
12. Controlling dimension: Inch. 


D16.3 MIL-STD-1835 CDIP2-T16 (D-2, CONFIGURATION C) 
16 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
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D24.6 MIL-STD-1835 CDIP2-T24 (D-3, CONFIGURATION C) 
24 LEAD DUAL-IN-LINE METAL-SEAL CERAMIC PACKAGE 
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NOTES 
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HOW TO USE HARRIS AnswerFAX 


What is AnswerFAX? 


AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 


@@ @ 
What do | need to use AnswerFAX? 
Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 
®@ 6 ®@ 


How does it work? 


You call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter 
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to. 
You'll have the information you need in minutes. The chart on the next page shows you how. 


How do | find out the order number for the publications | want? 


The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are nine catalogs: 


e New Products ¢ Digital Signal Processing (DSP) Products e Rad Hard Products 
e Linear/Telecom Products ¢ Discrete & Intelligent Power Products e CMOS Logic Products 
e Data Acquisition Products e Microprocessor Products e Application Notes 


Once they're faxed to you, you can call back and order the publications themselves by number. 
eee 
How do! start? 
Dial 407-724-7800. That's it. 


et SEMICONDUCTOR 


HARRIS 
ANSWERFAX 


Please refer to next page for a map to AnswerFAX. 
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SjARRIS Harris AnswerFAX Data Book Request Form - Document #199 
SEMICONDUCTOR Data Books Available Now 


PUB. 
/| NUMBER DATA BOOK/DESCRIPTION 


$G103 CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris 
Semiconductor High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It 


covers Harris’ High Speed CMOS Logic HC/HCT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS 
PSG201.21 


Logic CD4000B Series. 
DB500B 


PRODUCT SELECTION GUIDE (NEW 1994: 616pp) Key product information on all Harris Semiconductor devices. 
DB301B 


Sectioned (Linear, Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital 
Microprocessors and Hi-Rel/Military and Rad Hard) for easy use and includes cross references and alphanumeric part 
number index. 


LINEAR AND TELECOM ICs (1993: 1,312pp) Product specifications for: op amps, comparators, S/H amps, differential 
amps, arrays, special analog circuits, telecom ICs, and power processing circuits. 


DATA ACQUISITION (1994: 1,104pp) Product specifications on A/D converters (display, integrating, successive 
approximation, flash); D/A converters, switches, multiplexers, and other products. 


DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, 
signal synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 


DB302B 


7 DB304.1 


INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, 
application notes with design details for specific applications of Harris products, and a description of the Harris quality and 
high reliability program. 


TRANSIENT VOLTAGE SUPPRESSION DEVICES (1994: 400pp) Product specifications of Harris varistors and surgectors. 
Also, general informational chapters such as: “Voltage Transients - An Overview,” “Transient Suppression - Devices and 
Principles,” “Suppression - Automotive Transients.” 


DB450C 
DB223B 


a DB235B 
é DB260.2 


DB303 
a 
a 


POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power 
MOSFETs (the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic- 
level power MOSFETs (L?FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened 
power MOSFETs. 


RADIATION HARDENED (1993: 2,232pp) Harris technologies used include dielectric isolation (Dl), Silicon-on-Sapphire 
(SOS), and Silicon-on-Insulator (SOI). The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/ 
ACTS logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog 
switches, gate arrays, standard cells and custom devices. 


CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books 
under the Harris, GE, RCA or Intersil names. 


MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on 
CMOS microprocessors, peripherals, data communications, and memory ICs. 


MCT/IGBT/DIODES (1994: 528pp) This data book fully describes Harris Semiconductor's line of MOS Controlled Thyristors, 
Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers. 


ANALOG MILITARY (1989: 1,264pp) This data book describes Harris' military line of Linear, Data Acquisition, and 
Telecommunications circuits. 


ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with 
the 1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris 
Semiconductor Linear and Data Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and 
supersedes all previously published Linear and Data Acquisition Military data books. For applications requiring Radiation 
Hardened products, please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B) 


DB309 


Analog 
Military 


DB312 


Digital 
Military 
7004 Complete Set of Commercial Harris Data Books 

7005 Complete Set of Commercial and Military Harris Data Books 


DIGITAL MILITARY (1989: 680pp) Harris CMOS digital ICs — microprocessors, peripherals, data communications and 
memory — are included in this data book. 


NAME: PHONE: 
MAIL STOP: FAX: 
COMPANY: 

ADDRESS: 


LITERATURE REQUESTS SHOULD BE DIRECTED TO: HARRIS FULFILLMENT FAX #: 610-265-2520 
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AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


BRO07 


DESCRIPTION 


Complete Listing of Harris Sales Offic- 
es, Representatives and Authorized 
Distributors World Wide (7 pages) 


HARRIS SEMICONDUCTOR APPLICATION NOTES 


ANOO1 Glossary of Data Conversion Terms 
(6 pages) 

Principles of Data Acquisition and 
Conversion (20 pages) 


The IH5009 Analog Switch Series 
(9 pages) 


Using the 8048/8049 Log/Antilog 
Amplifier (6 pages) 


ANO02 


ANO04 


N 


ANO07 


ANOO9 ~~ Pick Sample-Holds by Accuracy and 
Speed and Keep Hold Capacitors in 


Mind (7 pages) 


ANO12 Switching Signals with Semiconductors 
(4 pages) 

Everything You Always Wanted to 
Know About the ICL8038 (4 pages) 


ANO16 ~—— Selecting A/D Converters (7 pages) 


ANOi7 ‘The Integrating A/D Converter 
(5 pages) 

Do's and Don'ts of Applying A/D 
Converters (4 pages) 


A Cookbook Approach to High-Speed 
Data Acquisition and Microprocessor 
Interfacing (23 pages) 


ANO13 


fae ual 


ANO18 


AN020 


ANO023 Low Cost Digital Panel Meter Designs 


(5 pages) 


ANO27 == Power Supply Design Using the 


ICL8211 and 8212 (8 pages) 


Build an Auto-Ranging DMM with the 
ICL7103A/8052A A/D Converter Pair 
(6 pages) 

ICL7104: A Binary Output A/D Convert- 
er for Microprocessors (16 pages) 


ANO028 


ANO30 


ANO32 Understanding the Auto-Zero and 
Common Mode Performance of the 


1CL7106/7107/7109 Family (8 pages) 
ANO40 __— Using the ICL8013 Four Quadrant 
Analog Multiplier (6 pages) 
ANO42 _ Interpretation of Data Converter 
Accuracy Specifications (11 pages) 


ANO043 _—~Video Analog-to-Digital Conversion 
(6 pages) 


ANO46 _— Building a Battery Operated Auto Rang- 
ing DVM with the ICL7106 (5 pages) 


90 ANO47 Games People Play with intersil’s A/D 
Converter’s (27 pages) 


9040 


9046 
47 


August 15, 1994 


AnswerFAX Technical Support 
Application Note Listing 


AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER DESCRIPTION 


ANO48 ~—- Know Your Converter Codes (5 pages) 


ANO49 _ _— Applying the 7109 A/D Converter 


(5 pages) 
ANO51 __—s~ Principles and Applications of the 
ICL7660 CMOS Voltage Converter 
(9 pages) 
Tips for Using Single Chip 3.5 Digit A/D 
Converters (9 pages) 


The ICL7650 A New Era in Glitch-Free 
Chopper Stabilized Amplifiers 
(19 pages) 


ANO052 


ANO53 


ANO54 __s Display Driver Family Combines Con- 
venience of Use with Microprocessor 


Interfaceability (18 pages) 


ANO59 __sODigital Panel Meter Experiments for the 


Hobbyist (7 pages) 

82C52 Programmable UART 

(12 pages) 

82C59A Priority Interrupt Controller 
(14 pages) 

Harris 80C286 Performance 
Advantages Over the 80386 (12 pages) 


80C286/80386 Hardware Comparison 
(4 pages) 

Some Applications of Digital Signal Pro- 
cessing Techniques to Digital Video 

(5 pages) 

Real-Time Two-Dimensional Spatial 


Filtering with the Harris Digital Filter 
Family (43 pages) 


Digital Filter (DF) Family Overview 
(6 pages) 


9108 AN108 


AN111 


AN112 


AN120 __ Interfacing the 80C286-16 With the 


80287-10 (2 pages) 


Harris 80C286 Performance Advantag- 
es Over the 80386SX (14 pages) 


9400 AN400 _—_— Using the HS-3282 ARINC Bus 
Interface Circuit (6 pages) 
9509 ANS509 A Simple Comparator Using the 
HA-2620 (1 page) 
AN514 The HA-2400 PRAM Four Channel 
Operational Amplifier (7 pages) 
ANS515 Operational Amplifier Stability: Input 
Capacitance Considerations (2 pages) 


AN517 ~=— Applications of Monolithic Sample and 
Hold Amplifier (5 pages) 


Operational Amplifier Noise Prediction 
(4 pages) 


AN121 
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AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


DESCRIPTION 


AN520 CMOS Analog Miltiplexers and Switch- 
es; Applications Considerations 
(9 pages) 

AN521 ~_— Getting the Most Out of CMOS Devices 
for Analog Switching Jobs (7 pages) 

9522 AN522 _sODigital to Analog Converter 

Terminology (3 pages) 

AN524 _ Digital to Analog Converter High Speed 
ADC Applications (3 pages) 

AN525  HA-5190/5195 Fast Settling Operation- 
al Amplifier (4 pages) 

AN526 __—s*Video Applications for the HA-5190/ 
5195 (5 pages) 

AN531 ~— Analog Switch Applications in A/D Data 
Conversion Systems (4 pages) 

AN532 Common Questions Concerning CMOS 
Analog Switches (4 pages) 

AN534 _—— Additional Information on the HI-300 
Series Switch (5 pages) 

AN535 _— Design Considerations for A Data 
Acquisition System (DAS) (7 pages) 


Monolithic Sample/Hold Combines 
Speed and Precision (6 pages) 


A Monolithic 16-Bit D/A Converter 

(5 pages) 

HA-5170 Precision Low Noise JFET 
Input Operation Amplifier (4 pages) 
Using HA-2539 or HA-2540 Very High 
Slew Rate, Wideband Operational 
Amplifier (4 pages) 
New High Speed Switch Offers 
Sub-50ns Switching Times (7 pages) 


Micropower Op Amp Family (6 pages) 


A Method of Calculating HA-2625 Gain 
Bandwidth Product vs. Temperature 

(4 pages) 
A Designers Guide for the HA-5033 
Video Buffer (12 pages) 


The HC-550X Telephone Subscriber 
Line Interface Circuits (SLIC) 
(19 pages) 


9538 AN538 
9539 AN539 


AN541 


AN543 


AN544 
AN546 


9546 
9548 


AN548 


AN549 


9549 


| 9550 AN550 _—Using the HA-2541(6 pages) 
AN551 Recommended Test Procedures for 
Operational Amplifiers (6 pages) 
a ee AN552__—sUsing the HA-2542 (5 pages) 
AN553 ~—HA-5147/37/27, Ultra Low Noise 
Amplifiers (8 pages) 
AN554 _ ~_— Low Noise Family 
HA-5101/02/04/1 1/12/14 (7 pages) 


August 15,1994 AnswerFAX Technical Support 
Application Note Listing 


AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


DESCRIPTION 


9556 AN556 ~—s Thermal Safe-Operating-Areas for High 
Current Op Amps (5 pages) 

9557 AN557. ~+=Recommended Test Procedures for An- 
alog Switches (6 pages) 

9559 AN559- _—_—_HI-222 Video/HF Switch Optimizes Key 
Parameters (7 pages) 

9571 AN571. ~— Using Ring Sync with HC-5502A and 
HC-5504 SLICs (2 pages) 

9573 AN573 The HC-5560 Digital Line Transcoder 
(6 pages) 


AN574 —_ Understanding PCM Coding (3 pages) 
HC-5512 PCM Filter Cleans Up CVSD 


9576 AN576 
Codec Signals (2 pages) 
9607 AN607 __— Delta Modulation for Voice 
Transmission (5 pages) 
AN5290 Integrated Circuit Operational 
Amplifiers (20 pages) 

95766 AN5766 = Application of the CA3020 and 
CA3020A Multipurpose Wide-Band 
Power Amplifiers (8 pages) 

96048 AN6048 Some Applications of A Programmable 
Power Switch/Amp (12 pages) 

96077 AN6077 = An IC Operational-Transconductance- 
Amplifier (OTA) With Power Capability 
(12 pages) 

96101 COS/MOS Phase-Locked-Loop A 
Versatile Building Block for Micro-Pow- 
er Digital and Analog Applications 
(4 pages) 

96157 AN6157_~— Applications of the CA3085 Series 

96182 


AN6101 


Monolithic IC Voltage Regulators 
(11 pages) 


(CA3058, CA3059 and CA3079) 
(31 pages) 
Using the CD4047A in COS/MOS 
96315 AN6315 
(3 pages) 
96346 AN6346 = Applications of CD4093B COS/MOS 
Schmitt Trigger (3 pages) 
96374 AN6374 = Applications of the COS/MOS 
for FM Tuners and CB Transceivers 
(12 pages) 
Understanding and Using the CA3130, 


AN6182 _ ~—~ Features and Applications of Integrated 
Timing Applications (13 pages) 
CD4059A Programmable Divide-by-N 
96386 
CA3130A and CA3130B30A/30B 


Circuit Zero-Voltage Switches 
96230 AN6230 
COS/MOS Interfacing Simplified 
Counter: Digital Frequency Synthesis 
AN6386 
BiMOS Operation Amplifiers (5 pages) 


12-5 


HARRIS 
ANSWERFAX 


FARRIS 


SEMICONDUCTOR 


AnswerFAX 
DOCUMENT 
NUMBER 


96498 


PART 
NUMBER DESCRIPTION 


AN6459 Why Use the CMOS Operational 
Amplifiers and How to Use it (4 pages) 


AN6466 = Astable and Monostable Oscillators 
Using COS/MOS Digital Integrated 
Circuits (6 pages) 


AN6498 __—s Design of Fixed and Programmable 
Counters Using the CD4018 COS/MOS 
Presettable Divide-By-"N" Counter 


(6 pages) 
AN6532 Fundamentals of Testing COS/MOS 
integrated Circuits (9 pages) 
AN6525 = Guide to Better Handling and Operation 
of CMOS Integrated Circuits (3 pages) 
96558 AN6558 Understanding Buffered and Unbuf- 
fered CMOS Characteristics (5 pages) 


AN6565__— Design of Clock Generators For Use 
With COSMAC Microprocessor 


CDP 1802 (3 pages) 


Noise Immunity of COS/MOS B-Series 
Integrated Circuits (8 pages) 


AN6587 


AN6595 


Interfacing Analog and Digital Displays 
with CMOS Integrated Circuits 

(6 pages) 
Interfacing COS/MOS with Other Logic 
Families (12 pages) 


FET-Bipolar Monolithic Op Amps Mate 
Directly to Sensitive Sources (3 pages) 


9 
96602 AN6602 


96587 


96669 AN6669 
96716 AN6716 Low-Power Digital Frequency Synthe- 


sizers Utilizing COS/MOS ICs 
(15 pages) 


AN6739 COS/MOS Rate Multipliers-Versatile 
Circuits for Synthesizing Digital Func- 
tions (12 pages) 

AN6883 Simplified Design of Astable RC Oscil- 

lators Using the CD4060B or Two 

96948 AN6948 _s Parallel Clocking of Sequential CMOS 
Devices (1 page) 

96970 AN6970 __ Understanding and Using the CDP 1855 
Multiply/Divide Unit (11 pages) 

97063 AN7063 Understanding the CDP1851 
Programmable I/O (7 pages) 

AN7174 The CA1524E Pulse-Width Modulator- 


CMOS Inverters (1 page) 
Driver for an Electronic Scale (2 pages) 
97244 AN7244 


Application of CA1524 Series 
Pulse-Width Modulator ICs (18 pages) 
Understanding Power MOSFETs 

(4 pages) 
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NUMBER 


97254 


PART 
NUMBER DESCRIPTION 


AN7254 Switching Waveforms of the L“FET: 

A5 Volt Gate-Drive Power MOSFET 
(8 pages) 
Power MOSFET Switching Waveforms: 
A New Insight (7 pages) 


AN7275 __—User’s Guide to the CDP 1879 and 
CDP1879C1 CMOS Real-Time Clocks 
(18 pages) 


AN7315 Power Consumption in QMOS Logic 
Circuits (6 pages) 


AN7323 Modification of LSTTL Test Programs to 

Test HCT High-Speed-CMOS Logic ICs 
(4 pages) 
Interfacing HC/HCT QMOS Logic with 
Other Families and Various Types of 
Loads (8 pages) 


AN7326 Applications of the CA3228E Speed 
Control System (16 pages) 
AN7329  Power-Supply Distribution and Decou- 
pling for QMOS High-Speed-Logic ICs 
(2 pages) 


Replacing LSTTL with QMOS High- 
Speed Logic ICs (6 pages) 


AN7332 The Application of Conductivity-Modu- 
lated Field-Effect Transistors (5 pages) 


AN7337  Astable Multivibrator Design Using 
High-Speed QMOS ICs (5 pages) 


AN7367 Linear Application of the CD54/ 
74HCU04 QMOS Hex Inverter 
(12 pages) 


AN7374 The CDP1871A Keyboard Encoder 
(9 pages) 


AN8602_ The IGBTs - A New High Conductance 
MOS-Gated Device (3 pages) 


Improved IGBTs with Fast Switching 
Speed and High-Current Capability 
(4 pages) 


AN8610 = Spicing-Up Spice II Software for Power 
MOSFET Modeling (8 pages) 


AN8614 The CA1523 Variable Interval Pulse 
Regulator (VIPUR) For Switch Mode 
Power Supplies (13 pages) 


AN8640_ —-Using Advanced CMOS Logic in a VME 
Data Bus System (8 pages) 
AN8707 The CA3450: A Single-Chip Video Line 


Driver and High Speed Op Amp 
(14 pages) 


AN8742 = Application of the CD22402 Video Sync 
Generator (4 pages) 


97260 AN7260 


97275 


97315 


97323 


97325 AN7325 


97326 


97329 


97330 AN7330 
97332 


97337 


97367 


97374 


CER CCCREER CELE 


AN8603 


98610 


98614 


98707 


98742 
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99102 AN9102 ~=Noise Aspects of Applying Advanced 
CMOS Semiconductors (9 pages) 


99105 AN9105  HVIC/IGBT Half-Bridge Converter 
Evaluation Circuit (1 page) 
AN9106 Special ESD Considerations for the HS- 


65643RH and HS-65647RH Radiation 
Hardened SOS SRAMs (2 pages) 


AnswerFAX 
DOCUMENT 
NUMBER 


98743 


PART 
NUMBER DESCRIPTION 


AN8743 = Micropower Crystal-Controlled Oscilla- 
tor Design Using CMOS Inverters 
(8 pages) 


98754 AN8754 _ ~=-Method of Measurement of Simulta- 
neous Switching Transient (3 pages) 

98756 AN8756 AComparative Description of the UART 
(16 pages) 

98759 AN8759 Low Cost Data Acquisition System Fea- 
tures SPI A/D Converter (9 pages) 


98761 AN8761__—_— User's Guide to the COP68HC68T1 
Real-Time Clock (14 pages) 


AN8809 FCT CMOS Logic Optimized for Back- 
plane Interface (6 pages) 


98811 AN8811  BiMOS-E Process Enhances the 
- CA5470 Quad Op Amp (8 pages) 


AN8818 Exceptional Radiation Levels from Sili- 
con-on-Sapphire Processed High- 
Speed CMOS Logic (5 pages) 


Recommendations for Soldering Termi- 
nal Leads to MOV Varistor Discs 

(2 pages) 
CMOS Phase-Locked-Loop Applica- 
tions Using the CD54/74HC/HCT4046A 
and CD54/74HC/HCT7046A (23 pages) 


SP600 and SP601 an HVIC MOSFET/ 
IGBT Driver for Half-Bridge Topologies 
(6 pages) 
Noise Aspects of Applying Advanced 
CMOS (AC/ACT) Semiconductors 

(62 pages) or Call Harris Semiconduc- 
tor (407) 724-3739 and request by mail 


An Introduction to Behavioral Simula- 
tion Using Harris AC/ACT Logic Smart- 
Models™ From Logic Automation Inc. 
(9 pages) 
Measuring Ground and VCC Bounce in 
Advanced High Speed (AC/ACT/FCT) 
CMOS Logic ICs (4 pages) 


002 AN9002___—s Transient Voltage Suppression in 
Automotive Vehicles (8 pages) 


AN9003_ Low-Voltage Metal-Oxide Varistor - 
Protection for Low Voltage (<5V) ICs 
(13 pages) 
AN9004 Advanced High Speed CMOS Logicina 
PCB Transmission Line Environment 

(7 pages) 
AN9010 HIP2500 High Voltage (500Vpc) Half- 

Bridge Driver IC (8 pages) 


AN9201 _ Protection Circuits for Quad and Octal 
Low Side Power Drivers (8 pages) 


99202 AN9202_ ~=— Using the HFA1100, HFA1130 
Evaluation Fixture (4 pages) 


AN9203__— Using the Hi5800 Evaluation Board 
(13 pages) 


98818 AN9204 ___ Tools for Controlling Voltage Surges 


and Noise (4 pages) 
AN9205__—‘ Timing Relationships for HSP45240 
(2 pages) 


98820 AN8820 


99206 AN9206_ = Correlating on Extended Data Lengths 
(2 pages) 


99207 AN9207 DSP Temperature Considerations 
(2 pages) 


AN8823 


99208 AN9208 High Frequency Power Converters 
(10 pages) 


AN9209 ASpice-2 Subcircuit Representation for 
Power MOSFETs, Using Empirical 
Methods (4 pages) 


A New PSpice Subcircuit for the Power 
MOSFET Featuring Global Tempera- 
ture Options (12 pages) 


98829 AN8829 


AN8906 


98910 AN8910 


Soldering Recommendations for 
Surface Mount Metal Oxide Varistors 
and Multilayer Transient Voltage 
Suppressors (8 pages) 


HIP5060 Family of Current Mode Con- 
trol ICs Enhance 1MHz Regulator Per- 
formance (7 pages) 


99003 


AN9215 __— Using the HI-5700 Evaluaton Board 
(7 pages) 


99216 AN9216 —_— Using the HI5701 Evaluation Board 
(8 pages) 
99217 AN9217 _—_ High Current Off Line Power Supply 
(11 pages) 


99301 AN9301 High Current Logic Level MOSFET 
Driver (3 pages) 


AN9011 


Synchronous Operation of Harris Rad 
Hard SOS 64K Asynchronous SRAMs 
(4 pages) 
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99302 AN9302 CA3277 Dual 5V Regulator Circuit 
Applications (9 pages) 
AN9303 Upgrading Your Application to the 
HI7166 or HI7167 (7 pages) 
99304 AN9304 ESD and Transient Protection Using the 
SP720 (10 pages) 


DESCRIPTION 


Insulated-Gate Transistors Simplify AC- 
Motor Speed Control (12 pages) 


AN9309 _— Using the HI5800/HI5801 Evaiuation 
Board (8 pages) 
99314 AN9314 Harris UHF Pin Drivers (4 pages) 
Amps Provide System Control for Bat- 
Switching: A Rating System (5 pages) 


99306 AN9306 The New “C" Ill Series of Metal Oxide 
Varistors (5 pages) 
99307 AN9307 The Connector Pin Varistor for 
' Transient Voltage Protection in 
Connectors (7 pages) 
99308 AN9308 _—- Voltage Transients and their 
Suppression (5 pages) 
AN9310 Surge Suppression Technologies 
Advantages and Disadvantages 
(MOVs, SADs, Gas Tubes, Filters and 
Transformers) (6 pages) 
| 99311 AN9311 The ABCs of MOVs (3 pages) 
AN9312 Suppression of Transients in an 
Automative Environment (11 pages) 
AN9313 = Circuit Considerations in Imaging 
Applications (8 pages) 
AN9315 RF Amplifier Design Using HFA3046/ 
3096/3127/3128 Transistor Arrays 
(4 pages) 
99316 AN9316 Power Supply Considerations for the 
HI-222 High Frequency Video Switch 
(2 pages) 
99317 AN9317 Micropower Clock Oscillator and Op 
tery Operated Circuits (2 pages) 
99318 AN9318 
99319 AN9319 Parallel Operation of Insulated Gate 
Transistors (6 pages) 
AN9320 _ =— Parallel Operation of Semiconductor 
Switches (4 pages) 
AN9321 = Single Pulse Unclamped Inductive 
AN9322 ACombined Single Pulse and 
Repetitive UIS Rating System (4 pages) 
AN9323  HIP5061 High Efficiency, High Perfor- 
mance, High Power Converter 
(10 pages) 
AN9324  HIP4080, 80V Frequency H-Bridge 
Driver (12 pages) 
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AN9325 —HIP4081, 80V High Frequency 
H-Bridge Driver (11 pages) 


99325 

99327 AN9327 HC-5509A1 Ring Trip Component 
Selection (9 pages) 

99328 AN9328 __— Using the HI1166 Evaluation Board 
(9 pages) 

99329 AN9329 _— Using the HI1176/HI1171 Evaluation 


Board (5 pages) 
99330 AN9330 _— Using the HI1396 Evaluation Board 
(9 pages) 


AN9331 Using the HI1175 Evaluation Board 


(10 pages) 


AN9332__— Using the HI1276 Evaluation Board 
(10 pages) 


AN9333_ __- Using the HI1386 Adapter Board 
(2 pages) 
99336 


Improving Start-Up Time at 32kHz 
3 


AN9334 

for the HA7210 Low Power Crystal 

Oscillator (2 pages) 

AN9335 _HIP5500 High Voltage (500Vpc) Power 
Supply Driver IC (13 pages) 

AN9336 Mult-Meter Display Converter Eases 

DMM Design (6 pages) 


AN9337 Reduce CMOS-Multiplexer Troubles 
Through Proper Device Selection 


(6 pages) 


99402 AN9402_ = Keeping the HI-0201 Switch Closed 
when Removing the V+ Supply 
(1 page) 


wo 


9404 AN9404 —HIP4080A, 80V High Frequency 
H-Bridge Driver (12 pages) 
99405 AN9405 HIP4081A, 80V High Frequency 
H-Bridge Driver (11 pages) 
AN9406 _—_ Using the Hi20201/03 Evaluation Kit 


(11 pages) 


AN9407__—sUssing the HI1176/HI1179 Evaluation 
Board (13 pages) 


AN9408 The HIP2030 MCT/IGBT Gate Driver 
Provides Isolated Control Signals to 
Switch Power Devices (7 pages) 


Using the HI1171 Evaluation Kit 
(6 pages) 


99412 AN9412_—_— Using the HI5702 Evaluation Board (11 
pages) 


660001 MMO0001 HFA-0001 Spice Operational Amplifier 


Macro-Model (4 pages) 


99411 AN9411 


MM0002 HFA-0002 Spice Operational Amplifier 
Macro-Model (4 pages) 


12-8 


August 15,1994 AnswerFAX Technical Support 
SEMICONDUCTOR Application Note Listing 


ES 


AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER DESCRIPTION 


660005 MMO0005_ HFA-0005 Spice Operational Amplifier 
Marco-Model (4 pages) 


662500 MM2500 HA2500/02 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM2510 WHA-2510/12 Spice Operational 
Amplifier Macro-Model (4 pages) 

MM2520 HA-2520/22 Spice Operational 
Amplifier Macro-Model (4 pages) 


662539 MM2539 HA-2539 Spice Operational Amplifier 


Macro-Model (4 pages) 


662540 MM2540 HA-2540 Spice Operational Amplifier 
Macro-Model (4 pages) 


MM2541 HA-2541 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM2542 HA-2542 Spice Operational Amplifier 
Macro-Model (5 pages) 


662544 MM2544 HA-2544 Spice Operational Amplifier 
Macro-Model (5 pages) 


662548 MM2548  WHA-2548 Spice Operational Amplifier 
Macro-Model (5 pages) 


600 MM2600 HA-2600/02 Spice Operational 
Amplifier Macro-Model (5 pages) 
662620 MM2620 HA-2620/22 Spice Operational 
Amplifier Macro-Model (5 pages) 
662839 MM2839 HA-2839 Spice Operational Amplifier 
Macro-Model (4 pages) 


662840 MM2840 HA-2840 Spice Operational Amplifier 
Macro-Model (4 pages) 


662841 MM2841 HA-2841 Spice Operational Amplifier 
Macro-Model (4 pages) 


662842 MM2842 HA-2842 Spice Operational Amplifier 
Macro-Model (4 pages) 


662850 MM2850  HA-2850 Spice Operational Amplifier 
Macro-Model (4 pages) 


AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER DESCRIPTION 


663046 MM3046 HFA3046/3096/3127/3128 Transistor 
Array Spice Models (4 pages) 
665002 MM5002_ HA-5002 Spice Buffer Amplifier 
Macro-Model (4 pages) 
665004 MM5004_ HA-5004 Spice Current Feedback 
Amplifier Macro-Model (4 pages) 
MM5020 HA-5020 Spice Current Feedback 
Operational Amplifier Macro-Model 
(4 pages) 
MM5033 HA-5033 Spice Buffer Amplifier 
Macro-Model (4 pages) 


MM5101 HA-5101 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM5102 HA-5102 Spice Operational Amplifier 
Macro-Model (5 pages) 


665104 MM5104 HA-5104 Spice Operational Amplifier 
' Macro-Model (5 pages) 


MM5112 HA-5112 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM5114 HA-5114 Spice Operational Amplifier 
Macro-Model (5 pages) 


665127 MM5127 HA-5127 Spice Operational Amplifier 
Macro-Model (4 pages) 


665137 ’MM5137 HA-5137 Spice Operational Amplifier 
Macro-Model (4 pages) 


665147 MM5147 HA-5147 Spice Operational Amplifier 
Macro-Model (4 pages) 


665190 MM5190 HA-5190 Spice Operational Amplifier 
Macro-Model (4 pages) 


MM5221 HA-5221/22 Spice Operational 
Amplifier Macro-Model (4 pages) 


797338 MM Harris Power MOSFET and MCT Spice 
PWRDEV_ Model Library (16 pages) 


665020 


HARRIS 
ANSWERFAX 


12-9 


2 
p<ies 
apes 
ae 


INEAI 


HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 


SALES OFFICES 


U.S. HEADQUARTERS EUROPEAN HEADQUARTERS 

Harris Semiconductor Harris Semiconductor 

P. O. Box 883, Mail Stop 53-210 Mercure Center 

Melbourne, FL 32902 100, Rue de la Fusee 

TEL: 1-800-442-7747 B-1130 Brussels, Belgium 
(407) 729-4984 TEL: 32 2 724 21 11 

FAX: (407) 729-5321 

SOUTH ASIA NORTH ASIA 

Harris Semiconductor H.K. Ltd Harris K.K. 

13/F Fourseas Building Kojimachi-Nakata Bldg. 4F 

208-212 Nathan Road 5-3-5 Kojimachi 

Tsimshatsui, Kowloon Hong Kong Chiyoda-ku, Tokyo 102 Japan 

TEL: (852) 723-6339 TEL: (81) 3-3265-7571 


TEL: (81) 3-3265-7572 (Sales) 


TECHNICAL ASSISTANCE IS AVAILABLE FROM THE FOLLOWING SALES OFFICES 


UNITED STATES CALIFORNIA Camabasas. 3. 2 evPepy es FOIA... . 5. 818-878-7950 
; ae Sis SO ee ee ey a ony 714-433-0600 
RON coy oc ke share nak Gineese sone 408-985-7322 
FLORIDA EMMY 0S 4. Oe ee gs 407-729-4984 
GEORGIA ROMY ose sc hs «x ayo wate PRR BROS os bps 404-476-2035 
ILLINOIS SONRUMBUD . oc ean bee cea. OIE sels 708-240-3480 
INDIANA OS * FREES Renn Se At CGR Ep nen ae 317-843-5180 
MASSACHUSETTS RMMINGIOR | Hea eS ESTES. 617-221-1850 
NEW JERSEY Wommmees 25... 2 15-Bbe Gi cSt. 609-751-3425 
NEW YORK OO 0 ani apne Neen Pear te 516-342-0291 
WDDINGOIS: FANS 5 isiscctasid reas. .s.. 914-298-1920 
TEXAS REN hE avs wee ecu ee nies s+ <n 214-733-0800 
INTERNATIONAL FRANCE MN ee eed as e's Le a ee See ee als 33-1-346-54046 
GERMANY MAEMORY oss, = 8 vo daca Ro 49-89-63813-0 
HONG KONG OMBOON:.:. SQ) SHE, ST abe oes Oo 852-723-6339 
ITALY oo, > Ma oR tir eae ee oS ae eg eee 39-2-262-0761 
JAPAN ME Fa Sorte iene FH es a oe 81-3-3265-7571 
KOREA PRM oo ais alee See ae aE Ra aso 82-2-551-0931 ie 
SINGAPORE Sas ee 65-291-0203 O 
TAIWAN Weel... Peete aa 886-2-716-9310 rs 
UNITED KINGDOM RMI po iciss ue 4 eA ts Me 44-2-766-86886 44 
For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call < 
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North American Sales Offices and Representatives 


ALABAMA 
Harris Semiconductor 


600 Boulevard South 
Suite 103 
Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


ARIZONA 


Compass Mktg. & Sales, Inc. 


11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 

TEL: (602) 996-0635 

FAX: 602 996 0586 


P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 577-0580 
FAX: 602 577 0581 


CALIFORNIA 
Harris Semiconductor 
* 1503 So. Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 


Harris Semiconductor 
3031 Tisch Way 

1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


CK Associates 

8333 Clairemont Mesa Blvd. 
Suite 102 

San Diego, CA 92111 

TEL: (619) 279-0420 

FAX: 619 279 7650 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 


Ewing Foley, Inc. 
895 Sherwood Lane 
Los Altos, CA 94022 
TEL: (415) 941-4525 
FAX: 415 941 5109 


Vision Technical Sales, Inc. 
26010 Mureau Road 

Suite 140 

Calabasas, CA 91302 

TEL: (818) 878-7955 

FAX: 818 878 7965 


x 


* 


CANADA 
Blakewood Electronic 


Systems, Inc. 

#201 - 7382 Winston Street 
Burnaby, BC 

Canada V5A 2G9 

TEL: (604) 444-3344 

FAX: 604 444 3303 


Clark Hurman Associates 
Unit 14 

20 Regan Road 

Brampton, Ontario 

Canada L7A IC3 

TEL: (905) 840-6066 

FAX: 905 840-6091 


308 Palladium Drive 
Suite 200 

Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 
Compass Mktg. & Sales, Inc. 
5600 So. Quebec St. 
Suite 350D 
Greenwood Village, CO 80111 
TEL: (303) 721-9663 
FAX: 303 721 0195 


CONNECTICUT 
Advanced Tech. Sales, Inc. 
Westview Office Park 
Bidg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 


FLORIDA 

Harris Semiconductor 
2401 Palm Bay Rd. 
Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 


Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 

FAX: 407 723 3845 


Sun Marketing Group 

4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 

TEL: (813) 536-5771 

FAX: 813 5366933, 


Sun Marketing Group 

600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (305) 429-1077 

FAX: 305 429 0019 


. 


GEORGIA 
Giesting & Associates 

* 2434 Hwy. 120, Suite 108 
Duluth, GA 30136 
TEL: (404) 476-0025 
FAX: 404 476 2405 


ILLINOIS 
Harris Semiconductor 
* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 


* Field Application Assistance Available 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (708) 640-1850 

FAX: 708 640 9432 | 


INDIANA 
Harris Semiconductor 


* 11590 N. Meridian St. 
Suite 100 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 

TEL: (317) 844-5222 
FAX: 317 844 5861 


IOWA 
Oasis Sales 
4905 Lakeside Dr., NE 
Suite 203 
Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 
Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


KENTUCKY 
Giesting & Associates 


204 Pintail Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


MARYLAND 
New Era Sales, Inc. 
890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEI: (410) 761-4100 
FAX: 410 761-2981 


MASSACHUSETTS 
Harris Semiconductor 


* Six New England Executive Pk. 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 

N. Reading, MA 01864 
TEL: (508) 664-0888 

FAX: 508 664 5503 


MICHIGAN 

Harris Semiconductor 
27777 Franklin Rd., Suite 460 
Southfield, Ml 48034 

TEL: (810) 746-0800 

FAX: 810 746 0516 


Giesting & Associates 

34441 Eight Mile Rd., Suite 113 
Livonia, MI 48152 

TEL: (810) 478-8106 

FAX: 810 477 6908 


* 
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Giesting & Associates 
1279 Skyhills N.E. 
Comstock Park, MI 49321 
TEL: (616) 784-9437 
FAX: 616 784 9438 


MINNESOTA 


Oasis Sales 

7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI 


Advanced Tech. Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 

TEL: (314) 291-5003 

FAX: 314 291 7958 


NEBRASKA 


Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 

TEL: (913) 782-8702 

FAX: 913 782 8641 


NEW JERSEY 


* 


Harris Semiconductor 
Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 
4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 

TEL: (505) 344-9990 

FAX: 505 345 4848 


NEW YORK 


* 


Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 


Harris Semiconductor 

490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0219 

FAX: 516 342 0295 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


North American Sales Offices and Representatives (Continued) 


Foster & Wager, Inc. 
2511 Browncroft Bivd. 
Rochester, NY 14625 
TEL: (716) 385-7744 

FAX: 716 586 1359 


Foster & Wager, Inc. 
7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Trionic Associates, Inc. 
320 Northern Bivd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 


NORTH CAROLINA 
Harris Semiconductor 


4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 405-3600 
FAX: 919 405 3660 


New Era Sales 

1215 Jones Franklin Road 
Suite 201 

Raleigh, NC 27606 

TEL: (919) 859-4400 

FAX: 919 859 6167 


OHIO 
Giesting & Associates 


P.O. Box 39398 
2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 
6324 Tamworth Ct. 


Columbus, OH 43017 
TEL: (614) 752-5900 


6200 SOM Center Rd. 


Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


OKLAHOMA 


Nova Marketing 


8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 


TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 357 1091 


OREGON 
Northwest Marketing Assoc. 
6975 SW Sandburg Rd. 
Suite 330 
Portland, OR 97223 
TEL: (503) 620-0441 
FAX: 503 684 2541 


PENNSYLVANIA 
Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


TEXAS 
Harris Semiconductor 
* 17000 Dallas Parkway, Suite 205 
Dallas, TX 75248 
TEL: (214) 733-0800 
FAX: 214 733 0819 


Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 
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8350 Meadow Rad., Suite 174 
Dallas, TX 75231 

TEL: (214) 265-4600 

FAX: 214 265 4668 


Corporate Atrium II, Suite 140 
10701 Corporate Dr. 

Stafford, TX 77477 

TEL: (713) 240-6082 

FAX: 713 240 6094 


UTAH 
Compass Mktg. & Sales, Inc. 
5 Triad Center, Suite 320 
Salt Lake City, UT 84180 
TEL: (801) 322-0391 
FAX: 801 322-0392 


WASHINGTON 
Northwest Marketing Assoc. 


12835 Bel-Red Road 
Suite 330N 

Bellevue, WA 98005 
TEL: (206) 455-5846 
FAX: 206 451 1130 


WISCONSIN 
Oasis Sales 
1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


North American Authorized Distributors and Corporate Offices 
Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 
7550 E. Redfield Rd. 
Scottsdale, AZ 85260 
TEL: (602) 483-9400 
FAX: (602) 443 3898 


Arrow/Schweber 
Electronics Group 
25 Hub Dr. 

Melville, NY 11747 
TEL: (516) 391-1300 
FAX: 516 391 1644 


Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


Farnell Electronic Services 
300 North Rivermede Rd. 


Concord, Ontario 
Canada L4K 3N6 
TEL: (416) 798-4884 
FAX: 416 798 4889 
Gerber Electronics 


128 Carnegie Row 
Norwood, MA 02062 


TEL: (617) 769-6000, x156 


FAX: 617 762 8931 


Hamilton Halimark 

10950 W. Washington Bivd. 
Culver City, CA 90230 
TEL: (310) 558-2000 

FAX: 310 558 2809 (Mil) 
FAX: 214 343 5988(Com) 


Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
FAX: 312 275-9596 


Wyle Electronics 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727-2500 
FAX: 408 988-2747 


Zeus Electronics, 

An Arrow Company 
100 Midland Avenue 
Pt. Chester, NY 10573 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 
FAX: 914 937-2553 


Obsolete Products: 


Rochester Electronic 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


North American Authorized Distributors 


ARIZONA 
Alliance Electronics, Inc. 


ALABAMA 
Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 


Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 


Wyle Electronics 
Huntsville 

TEL: 205) 830-1119 

Zeus, An Arrow Company 
Huntsville 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


* Field Application Assistance Available 


Gilbert 
TEL: (602) 813-0233 


Scottsdale 
TEL: (602) 483-9400 


Arrow/Schweber 
Tempe 

TEL: (602) 431-0030 
Hamilton Hallmark 
Phoenix 

TEL: (602) 437-1200 
Wyle Electronics 


Phoenix 
TEL: (602) 437-2088 


Zeus, An Arrow Company 
Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


CALIFORNIA 
Alliance Electronics, Inc. 
Santa Clarita 
TEL: (805) 297-6204 


Arrow/Schweber 
Calabasas 
TEL: (818) 880-9686 


Fremont 
TEL: (408) 432-7171 


Irvine 
TEL: (714) 587-0404 
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San Diego 

TEL: (619) 565-4800 
San Jose 

TEL: (408) 441-9700 


Hamilton Hallmark 
Costa Mesa 
TEL: (714) 641-4100 


Los Angeles 

TEL: (818) 594-0404 
Sacramento 

TEL: (916) 624-9781 
San Diego 

TEL: (619) 571-7540 
San Jose 

TEL: (408) 435-3500 
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North American Authorized Distributors (Continued) 


Wyle Electronics 
Calabasas 
TEL: (818) 880-9000 


Irvine 
TEL: (714) 863-9953 


Rancho Cordova 
TEL: (916) 638-5282 


San Diego 
TEL: (619) 565-9171 


Santa Clara 
TEL: (408) 727-2500 


Zeus, An Arrow Company 
San Jose 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


Irvine 
TEL: (714) 921-9000 
TEL: (800) 52-HI-REL 


CANADA 
Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 


Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 
TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (905) 670-7769 


Farnell Electronic Services 
Burnaby, British Columbia 
TEL: (604) 291-8866 
Calgary, Alberta 

TEL: (403) 273-2780 
Concord, Ontario 

TEL: (416) 798-4884 

V. St. Laurent, Quebec 

TEL: (514) 335-7697 


Nepean, Ontario 
TEL: (613) 596-6980 


Winnipeg, Manitoba 
TEL: (204) 786-2589 
Hamilton Hallmark 


Mississagua, Ontario 
TEL: (905) 564-6060 


Montreal 
TEL: (514) 335-1000 


Ottawa 
TEL: (613) 226-1700 


Vancouver, B.C. 
TEL: (604) 420-4101 


Toronto 
TEL: (905) 564-6060 


COLORADO 
Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 


Hamilton Hallmark 
Denver 

TEL: (303) 790-1662 
Colorado Springs 
TEL: (719) 637-0055 
Wyle Electronics 


Thornton 
TEL: (303) 457-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 
Alliance Electronics, Inc. 


Shelton 
TEL: (203) 926-0087 


Arrow/Schweber 
Wallingford 
TEL: (203) 265-7741 


Hamilton Hallmark 
Danbury 
TEL: (203) 271-2844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


FLORIDA 
Arrow/Schweber 


Deerfield Beach 
TEL: (305) 429-8200 


Lake Mary 
TEL: (407) 333-9300 


Hamilton Hallmark 
Miami 

TEL: (305) 484-5482 
Orlando 

TEL: (407) 657-3300 


Largo 
TEL: (813) 541-7440 


Wyle Electronics 
Fort Lauderdale 
TEL: (305) 420-0500 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 
Arrow/Schweber 
Duluth 
TEL: (404) 497-1300 


Hamilton Hallmark 
Atlanta 
TEL: (404) 623-5475 


Wyle Electronics 
Duluth 
TEL: (404) 441-9045 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


ILLINOIS 
Alliance Electronics, Inc. 


Vernon Hills 
TEL: (708) 949-9890 


Arrow/Schweber 
Itasca 
TEL: (708) 250-0500 


Hamilton Hallmark 
Chicago 

TEL: (708) 860-7780 
Newark Electronics, Inc. 
Chicago 

TEL: (312) 907-5436 


* Field Application Assistance Available 


Wyle Electronics 
Addison 
TEL: (708) 620-0969 


Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


INDIANA 
Arrow/Schweber 


Indianapolis 
TEL: (317) 299-2071 


Hamilton Hallmark 
Indianapolis 
TEL: (317) 872-8875 


Zeus, An Arrow Company 


TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


IOWA 
Arrow/Schweber 


Cedar Rapids 
TEL: (319) 395-7230 


Hamilton Hallmark 
Cedar Rapids 
TEL: (319) 362-4757 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KANSAS 
Arrow/Schweber 
Lenexa 
TEL: (913) 541-9542 


Hamilton Hallmark 
Kansas City 
TEL: (913) 888-4747 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MARYLAND 
Arrow/Schweber 


Columbia 
TEL: (301) 596-7800 


Hamilton Hallmark 
Baltimore 
TEL: (410) 988-9800 


Wyle Electronics 
Columbia 
TEL: (410) 312-4844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 
Alliance Electronics, Inc. 
Winchester 
TEL: (617) 756-1910 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Gerber 

Norwood 

TEL: (617) 769-6000 


Hamilton Hallmark 
Peabody 
TEL: (508) 532-9893 


Wyle Electronics 
Burlington 
(617) 272-7300 
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Zeus, An Arrow Company 
Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 


MICHIGAN 


Arrow/Schweber 
Livonia 

TEL: (313) 462-2290 
Hamilton Halimark 
Detroit 

TEL: (313) 347-4271 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


MINNESOTA 


Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 


Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 


Wyle Electronics 
Minneapolis 

TEL: (612) 853-2280 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


MISSOURI 


Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Hamilton Hallmark 
St. Louis 
TEL: (314) 291-5350 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEW JERSEY 


Arrow/Schweber 
Marlton 
TEL: (609) 596-8000 


Pinebrook 
TEL: (201) 227-7880 


Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 


Parsippany 
TEL: (201) 515-1641 


Wyle Electronics 
Mt. Laurel 
TEL: (609) 439-9110 


Pine Brook 
TEL: (201) 882-8358 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NEW MEXICO 


Hamilton Halimark 
Albuquerque 
TEL: (505) 828-1058 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


North American Authorized Distributors (Continued) 


NEW YORK 
Alliance Electronics, inc. Cleveland 
Binghamton TEL: (216) 498-1100 
TEL: (607) 648-8833 Columbus 
Huntington TEL: (614) 888-3313 
TEL: (516) 673-1930 Dayton 
Arrow/Schweber TEL: (513) 439-6735 
Farmingdale Toledo 
TEL: (516) 293-6363 TEL: (419) 242-6610 
Hauppauge Zeus, An Arrow Company 
TEL: (516) 231-1000 TEL: (708) 595-9730 
Melville TEL: (800) 52-HI-REL 
TEL: (516) 391-1276 
TEL: (516) 391-1300 OKLAHOMA 
TEL: (516) 391-1633 oe 


Rochester 
TEL: (716) 427-0300 


Hamilton Hallmark 
Long Island 
TEL: (516) 434-7400 


Rochester 
TEL: (716) 475-9130 


Ronkonkoma 
TEL: (516) 737-0600 


Zeus, An Arrow Company 
Pt. Chester 

TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NORTH CAROLINA 
Arrow/Schweber 


Raleigh 
TEL: (919) 876-3132 


EMC 
Charlotte 
TEL: (704) 394-6195 


Hamilton Hallmark 
Raleigh 
TEL: (919) 872-0712 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO TEL: (800) 332-8638 
Alliance Electronics, Inc. Zeus, An Arrow Company 
Dayton TEL: (914) 937-7400 
TEL: (513) 433-7700 TEL: (800) 52-HI-REL 
Arrow/Schweber 
Solon TEXAS 
TEL: (216) 248-3990 Alliance Electronics, Inc. 

: Carrollton 
Centerville 
Allied Electronics, Inc. 
EMC , 
Columbus Ft. Worth 


TEL: (614) 299-4161 


Hamilton Hallmark 


TEL: (918) 252-7537 


Hamilton Hallmark 
Tulsa 
TEL: (918) 254-6110 


Zeus, An Arrow Company 


TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 


Almac/Arrow 
Beaverton 
TEL: (503) 629-8090 


Hamilton Hallmark 
Portland 
TEL: (503) 526-6200 


Wyle Electronics 
Beaverton 
TEL: (503) 643-7900 


Zeus, An Arrow Company 


TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


PENNSYLVANIA 


Arrow/Schweber 
Pittsburgh 
TEL: (412) 856-9490 


Hamilton Hallmark 
Pittsburgh 


TEL: (800) 433-5700 


Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (214) 380-6464 


Houston 
TEL: (713) 647-6868 


Hamilton Hallmark 
Austin 

TEL: (512) 258-8848 
Dallas 

TEL: (214) 553-4300 
Houston 

TEL: (713) 781-6100 
Wyle Electronics 
Austin 

TEL: (512) 345-8853 
Houston 

TEL: (713) 879-9953 


Richardson 
TEL: (214) 235-9953 


Zeus, An Arrow Company 


Carrollton 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


UTAH 


Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 


Hamilton Hallmark 
Salt Lake City 
TEL: (801) 266-2022 


Wyle Electronics 
West Valley City 
TEL: (801) 974-9953 


Zeus, An Arrow Company 


TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WASHINGTON 


Almac/Arrow 
Bellevue 
TEL: (206) 643-9992 


Hamilton Hallmark 
Seattle 
TEL: (206) 881-6697 


Wyle Electronics 
Redmond 
TEL: (206) 881-1150 


Zeus, An Arrow Company 


TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 
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WISCONSIN 
Arrow/Schweber 
Brookfield 
TEL: (414) 792-0150 


Hamilton Hallmark 
Milwaukee 
TEL: (414) 780-7200 


Wyle Electronics 
Waukesha 
TEL: (414) 521-9333 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


Harris Semiconductor 


Chip Distributors 
Chip Supply, Inc. 
7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 


Eimo Semiconductor Corp. 
7590 North Glenoaks Bivd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, Inc. 
1805 Rutherford Lane 

Austin, TX 78754 

TEL: (512) 834-2022 

FAX: (512) 837-6285 


Puerto Rican 


Authorized Distributor 
Hamilton Hallmark 
TEL: (809) 731-1110 


South American 


Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 


BRASIL 
Graftec Brasil Ltda. 
Rua baroneza De ITU 336 - 5 
01231-000 - Sao Paulo - SP 
Brasil 
TEL: 55-11-826-5407 
FAX: 55-11-826-6526 


European Sales Offices and Representatives 


European Sales Headquarters 
Harris S.A. 
Mercure Center 
Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 
FAX: 32 2 724 2205/...09 


* Field Application Assistance Available 


AUSTRIA 
Eurodis Electronics GmbH 


Lamezanstrasse 10 
A - 1232 Vienna 
TEL: 43 1 61062-0 
FAX: 43 1610625 


DENMARK 
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Delco AS 
Titangade 15 


DK - 2200 Copenhagen N 


TEL: 45 35 82 12 00 
FAX: 45 35 82 12 05 


FINLAND 
J. Havulinna & Son 


Reinikkalan Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 
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European Sales Offices and Representatives (Continued) 


FRANCE 


* 


Harris Semiconducteurs SARL 
2-4, Avenue de l'Europe 

F - 78941 Velizy Cedex 

TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 


GERMANY 


* 


Harris Semiconductor GmbH 
Putzbrunnerstrasse 69 
D-81739 Munchen 

TEL: 49 89 63813-0 

FAX: 49 89 6377891 


Harris Semiconductor GmbH 
Kieler Strasse 55-59 

D-25451 Quickborn 

TEL: 49 4106 50 02-04 

FAX: 49 4106 6 88 50 


Harris Semiconductor GmbH 
Wegener Stragse, 5/1 

D - 71063 Sindelfingen 

TEL: 49 7031 8 69 40 

FAX: 49 7031 87 38 49 


Ecker Michelstadt GmbH 
In den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Michelstadt 
TEL: 49 6061 22 33 

FAX: 49 6061 50 39 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 60 65 
FAX: 49 2502 18 89 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 6 09 70 04 
FAX: 49 89 6 09 81 70 


Hartmut Welte 
Hepbacher Strasse 11A 
D - 88677 Markdorf 
TEL: 49 7544 7 25 55 
FAX: 49 7544 7 25 55 


ITALY 
Harris SRL 
* Viale Fulvio Testi, 126 
|-20092 Cinisello Balsamo, 
(Milan) 
TEL: 39 2 262 07 61 
(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 
FAX: 39 2 262 22 158 (ROSE) 


NETHERLANDS 
Harris Semiconductor SA 


Benelux OEM Sales Office 
Kouterstraat 6 
NL - 5345 LX Oss 


ISRAEL 
Aviv Electronics Ltd 


Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 

PO Box 2433 

IS - 43100 Ra’anana 

TEL: 972 9 983232 

FAX: 972 9 916510 


European Authorized Distributors 
AUSTRIA 


* 


Avnet E2000 GmbH 
Waidhausenstrasse 19 
A - 1140 Wien 

TEL: 43 1 9112847 
FAX: 43 1 9113853 


EBV Elektronik 
Diefenbachgasse 35/6 
A - 1150 Wien 

TEL: 43-222-8941774 
FAX: 43-22-8941775 


Eurodis Electronics GmbH 
Lamezanstrasse 10 

A - 1232 Wien 

TEL: 43 1 610620 

FAX: 43 1610625 


Spoerle Electronic 
Heiligenstadter Str. 52 
A - 1190 Wien 

TEL: 43 1 31872700 
FAX: 43 1 3692273 


BELGIUM 


a 


* 


* Field Application Assistance Available 


Diode Spoerle 
Keiberg II 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


EBV Elektronik 
Excelsiorlaan 35 

B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


Eurodis Texim Electronics 
* Avenue des Croix de 

Guerre 116 

B - 1120 Brussels 

TEL: 32 2 247 49 69 

FAX: 32 2 215 81 02 


DENMARK 
Avnet Nortec 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 42 84 2000 
FAX: 45 44 92 1552 


Ditz Schweitzer 
Vallensbaekvej 41 
Postboks 5 

DK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 


FINLAND 
Avnet Nortec 
Italahdenkatu, 18 
SF - 00210 Helsinki 
TEL: 358 061 318250 
FAX: 358 069 22326 


Bexab 

Sinimaentie 10C 

P.O. Box 51 

SF - 02630 ESPOO 
TEL: 358.0.50 23 200 
FAX: 358.0.50 23 294 


TEL: 31 4120 38561 
FAX: 31 4120 34419 


SPAIN 
Elcos S. L. 
C/Avda. Europa, 30 1 B-A 
Spain 28224 Pozuelo de Alarcon 
Madrid 
TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


TURKEY 
EMPA 
Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 


FRANCE 
3D 


Z| des Glaises 

6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


Arrow Electronique 

73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 05 96 


Avnet EMG France 

79, Rue Pierre Semard-P.B. 90 
F-92320 Chatillon Sous Bagneux 
TEL: 33 1 49 65 25 00 

FAX: 33 1 49 65 25 39 


CCl Electronique 

* 12, Allee de la Vierge 
Silic 577 
F - 94653 Rungis 
TEL: 33 1 41 80 70 00 
FAX: 33 1 46 75 32 07 


EBV Elektronik 

Parc Club de la Haute Maison 
16, Rue Galilee 

Cite Descartes 

F - 77420 Champs-sur-Marne 
TEL: 33 1 64 68 86 09 

FAX: 33 1 64 68 27 67 


* 
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UNITED KINGDOM 

Harris Semiconductor Ltd 
Riverside Way 

Camberley 

Surrey GU15 3YQ 

TEL: 44 276 686 886 

FAX: 44 276 682 323 


Laser Electronics 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 


Complementary 
Technologies Ltd 

Redgate Road 

South Lancashire, Ind. Estate 
Ashton-In-Makerfield 
Wigan, Lancs WN4 8DT 
TEL: 44 942 274 731 

FAX: 44 942 274 732 


Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 555 751566 
FAX: 44 555 751562 


* 


Harris Semiconductor 
Chip Distributors 


Edgetek/Rood Tech 
Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 


Elmo 

Z. A. De La Tuilerie 

B. P. 1077 

78204 Mantes-La-Jolie 
TEL: 33 1 34 77 16 16 
FAX: 33 1 34 77 95 79 
TWX: 699737 


Hybritech CM (HCM) 
7, Avenue Juliot Curie 
F - 17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 
FAX: 33 46 45 04 44 
TWX: 793034 


EASTERN COUNTRIES 
HEV GmbH 


Alexanderplatz 6 

D - 10178 Berlin 
Postfach 90 

D - 10173 Berlin 

TEL: 49 30 243 34 00 
FAX: 49 30 243 34 24 


European Authorized Distributors (Continued) 


GERMANY 
Avnetv/E2000 


Stahlgruberring, 12 

D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


EBV Elektronik GmbH 
Hans-Pinsel-Strasse 4 

D - 85540 Haar-bei-Muinchen 
TEL: 49 89 45610-0 

FAX: 49 89 464488 


Eurodis Enatechnik 
Electronics GmbH 
Pascalkehre, 1 

D - 25451 Quickborn 
P.B. 1240 

D - 25443 Quickborn 
TEL: 49 4106 701-0 
FAX: 49 4106 701 268 


indeg Industrie Elektronik 
Emil KOmmerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 9 40 65 

FAX: 49 6331 9 40 64 


Sasco Semiconductor 
GmbH 

Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn-bei- 
Munchen 

TEL: 49 89 46 11-0 

FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 

D - 63303 Dreieich-bei-Frankfurt 
TEL: 49 6103 304-8 

FAX: 49 6106 3 04-201 


* 


GREECE 
Semicon Co. 
104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 
Aviv Electronics 
Hayetzira Street 4, Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


ITALY 
EBV Elektronik 
* Via C. Frova, 34 
I - 20092 Cinisello Balsamo (Ml) 
TEL: 39 2 660 17111 
FAX: 39 2 660 17020 


Eurelettronica 

Via Enrico Fermi, 8 

I] - 20090 Assago (MI) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 


Lasi Elettronica 
Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 10 13 70 
FAX: 39 2 66 10 13 85 


* Field Application Assistance Available 


Silverstar 

Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 12 51 
FAX: 39 2 66 10 13 59 


NETHERLANDS 
* Auriema Nederland BV 


Beatrix de Rijkweg, 8 

NL - 5657 EG Eindhoven 
TEL: 31 40 502602 

FAX: 31 40 510255 


Diode Spoerle 

Coltbaan 17 

NL - 3439 NG Nieuwegein 
TEL: 31 3402 912 34 
FAX: 31 3402 359 24 


Diode Spoerle 

Postbus 7139 

NL - 5605 JC Eindhoven 
TEL: 31 40 54 54 30 
FAX: 31 40 53 55 40 


EBV Elektronik 
Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 

FAX: 31 3465 642 77 


+ 


* 


NORWAY 
Avnet Nortec 
Smedsvingen 4B 
Box 123 
N - 1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 
Amitron-Arrow 
Quinta Grande, Lote 20 
Alfragide 
P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SPAIN 
Amitron-Arrow S.A. 
Albasanz, 75 
SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 
Calle Maria Tubau, 6 
SP - 28049 Madrid 
TEL: 34 1 358 86 08 
FAX: 34 1 358 85 60 


* 


SWEDEN 
Avnet Nortec 
Englundavagen 7 
P.O. Box 1830 
S - 171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


Bexab Sweden AB 
P.O. Box 523 
Kemistvagen, 10A 
S - 183 25 Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 


SWITZERLAND 
Avnet E2000 AG 


Boehirainstrasse 11 
CH - 8801 Thalwil 

TEL: 41 1 7221330 
FAX: 41 1 7221340 


Basix Fur Elektronik 
Hardturmstrasse 181 
CH - 8010 Zurich 
TEL: 41 12 76 11 11 
FAX: 41 1 2761234 


EBV Elektronik 
Vorstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1 745610 
FAX: 41 1 7415110 


Eurodis Electronic AG 
Bahnstrasse 58/60 

CH - 8105 Regensdorf 
TEL: 41 1 8433 111 
FAX: 41 1 84 33 910 


Fabrimex Spoerle 

Cherstr. 4 

CH - 8152 Opfikon-Glattbrugg 
TEL: 41 1 874 6262 

FAX: 41 1 874 6200 


* 


TURKEY 
EMPA 


Besyol Londra Asfalti 

TK - 34630 Sefakoy/ Istanbul 
TEL: 90 212 599 3050 

FAX: 90 212 599 3059 


UNITED KINGDOM 
Arrow-Jermyn Electronic 
Vestry Industrial Estate 
Sevenoaks 
Kent TN14 5EU 
TEL: 44 732 743743 
FAX: 44 732 451251 


Avnet Emg 

Jubilee House, Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
TEL: 44 462 488500 

FAX: 44 462 488567 


Farnell Electronic 
Components 

Armley Road, Leeds 
West Yorkshire LS12 2QQ 
TEL: 44 532 790101 

FAX: 44 532 633404 


Farnell Electronic 
Services 

Edinburgh Way. 
Harlow 

Essex CM20 2DE 
TEL: 44 279 626777 
FAX: 44 279 441687 


Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 
TEL: 44 628 76176 
FAX: 44 628 783799 


Thame Components 

Thame Park Rd. 

Thame, Oxfordshire OX9 3UQ 
TEL: 44 844 261188 

FAX: 44 844 261681 
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Harris Semiconductor 


Chip Distributors 
Die Technology Ltd. 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 

FAX: 44 420 87259 

TWX: 21137 


South African 
Authorized Distributor 
TRANSVAAL 


Allied Electronic Components 
10, Skietlood Street 

Isando, Ext. 3, 1600 

P.O. Box 69 

Isando, 1600 

TEL: 27 11 392 3804/.. .19 
FAX: 27 11 974 9625 

FAX: 27 11 974 9683 


Asian Pacific 
Sales Offices and 
Representatives 


NORTH ASIA 
Sales Headquarters 
PAN 


Harris K.K. 

Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 

Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 

TEL: (81) 3-3265-7572 (Sales) 
FAX: (81) 3-3265-7575 


SOUTH ASIA 

Sales Headquarters 

HONG KONG 
Harris Semiconductor H.K. Ltd. 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: (852) 723-6339 
FAX: (852) 739-8946 
TLX: 78043645 


AUSTRALIA 
VSI Electronics Pty, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 
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European Authorized Distributors (Continued) 


KOREA 
Harris Semiconductor YH 
RM #419-1 
Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 


Inhwa Company, Ltd. 
Room #305 

Daegyo Bidg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 

TEL: 822-279-3614 

FAX: 822-272-6496 


PHILIPPINES 


Intergral Silicon Solution, Inc. 


6th Floor Peakson Bidg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 

TEL: 632-786652 

FAX: 632-786731 


SINGAPORE 


Harris Semiconductor Pte Ltd. 


105 Boon Keng Road 
#01-18/19 Singapore 1233 
TEL: (65) 291-0203 

FAX: (65) 293-4301 

TLX: RS36460 RCASIN 


GS Technology Pte, Ltd. 
Block 5073 #02-1656 

Ang Mo Kio Industrial Park 2 
Singapore 2056 

TEL: (65) 483-2920 

FAX: (65) 483-2930 


TAIWAN 
Harris Semiconductor 
Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 
TEL: (886) 2-716-9310 
FAX: 886-2-715-3029 
TLX: 78525174 


Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 


Applied Component Tech. 
Corp. 

8F No. 233-1 

Pao-Chia Road 

Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 

TEL: (886) 2 9170858 

FAX: 886 2 9171895 
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Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: 886-2-708-7901 


TECO Enterprise Co., Ltd. 
10FL., No. 292 

Min-Sheng W. Rd. 

Taipei, Taiwan 

TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 


Asian Pacific Authorized Distributors 


AUSTRALIA 
VSI Electronics Pty, Ltd. 


Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 

FAX: (612) 878-1266 


CHINA 
Means Come Ltd. 


Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Hom, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 


Sunnice Electronics Co., Ltd. 


Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 

TEL: (852) 790-8073 

FAX: (852) 763-5477 


HONG KONG 
Array Electronics Limited 
24/F., Wyler Centre 
Phase 2 
200 Tai Lin Pai Road 
Kwai Chung 
New Territories, H.K. 
TEL: (852) 418-3700 
FAX: (852) 481-5872 


Inchcape Industrial 
10/F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwai Fong 

New Territories 

TEL: (852) 410-6555 
FAX: (852) 401-2497 


Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 
Hi-Tech Ind. Centre 

5-12 Pak Tin Par St., 

Tsuen Wan 

New Territories, H.K. 

TEL: (852) 499-3109 

FAX: (852) 417-0961 


JAPAN 
Hakuto Co., Ltd. 
1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 
TEL: 81-3-3355-7615 
FAX: 81-3-3355-7680 


Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 

TEL: 03-3348-0611 

FAX: 03-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 045-939-6116 

FAX: 045-939-6117 


Micron, Inc. 

DJK Kouenji Bidg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 03-3317-9911 

FAX: 03-3317-9917 


Okura Electronics Co., Ltd. 
Okura Shoji Bidg. 

2-3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 03-3564-6871 

FAX: 03-3564-6870 


Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 

Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 

FAX: 03-3357-5034 


tt 


* Field Application Assistance Available 


KOREA 
KumOh Electric Co., Ltd. 


203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 


inhwa Company, Ltd. 
Room #305 

Daegyo Bidg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


NEW ZEALAND 
Components and 
Instrumentation NZ, Ltd. 
19 Pretoria Street 
Lower Hutt 
P.O. Box 38-099 
Wellington 
TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 


PHILIPPINES 


Intergral Silicon Solution, Inc. 


6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bidg. 
Mandauyong 

TEL: 632-786652 

FAX: 632-786731 


FARRIS 


SEMICONDUCTOR 
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SINGAPORE 


B.B.S Electronics Pte, Ltd. 
1 Genting Link 

#05-03 Perfect Indust. Bldg. 
Singapore 1334 

TEL: (65) 748-8400 

FAX: (65) 748-8466 


Device Electronics Pte, Ltd. 
605B MacPherson Road 
04-12 Citimac Ind. Complex 
Singapore 1336 

TEL: (65) 288-6455 

FAX: (65) 287-9197 


Willas - Array Pte, Ltd. ~ 
40 Jalan Pemimpin 
#04-03B Tat Ann Building 
Singapore 2057 

TEL: (65) 353-3655 

FAX: (65) 353-6153 


TAIWAN 


Acer Sertek Inc. 

3F, No. 135, Sec. 2 

Chien Kuo N. Road 

Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 
Applied Component 
Technology Corp. 

8F No. 233-1 Pao-Chial Road 
Hsin Tien City, Taipei Hsein, 
Taiwan, R.O.C. 

TEL: (02) 9170858 

FAX: (02) 9171895 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 

FAX: 886-2-708-7901 


TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 

TEL: (886) 2-555-9676 

FAX: (886) 2-558-6006 
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